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Approach I -Integrated 






THERE ARE 4 BASIC APPROACHES 
AT FAIRCHILD TO BUILDIIMC3 YOUR IM 
CUSTOM AUDIO CONSOLE. 



Only Fairchild has 4 basic approaches to the design of 
custom audio consoles. Fairchild has the big advantage 
because only these 4 basic approaches enable a manu- 
facturer to properly meet and fulfill any and all of 
your console requirements. Therefore, Fairchild gives 
you exactly what you need where you need it .. .quicker, 
and at less cost. These are Fairchild's all-important 

simplified approaches: 

Approach I. Fairchild Integra I. The controls and the 
audio for any particular function are together as 

one component. 

Approach II. Fairchild Integra II. The controls and the 
audio for any function are separated for remote 
operation, using simplified plug-in facilities. The 
remote audio may be 1 or 1,000 feet away. 



modules placed side by side is controlled by the number 
of channels existent and desired. 

Approach IV. Combination. Any degree of any com- 
bination of I and/or II and/or III. In a single console where 
Approach I is best, it is used; where II and/or III is best, 
it is used. 

This Fairchild concept allows you to have any size unit 
you need, for any requirement, within any configuration, 
using the best of the 4 approaches. No one else in 
the Industry offers you this concept. In addition, 
Fairchild delivers custom consoles In much shorter time 
than any other manufacturer because virtually all 
major components in your console are manufactured 
by Fairchild. This eliminates waiting for outside 
suppliers' deliveries; gives you truly custom matched 
components., .gives you better quality throughout. 



Approach III. Fairchild Integrated Control Module. 
All the controls for an input or an output channel are 
integrated together into one module. Each module has 
instant plug-in facilities for its audio. The number of 



Contact your Fairchild Distributor or write 
FAIRCHILD RECORDING EQUIPMENT 
CORPORATION, 10-40 45th Avenue, 
Long Island City, N.Y. 11101. (212)784-6163. 
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Coming 

• In January we will begin the new 
year with a multi-part article of para- 
mount importance. Entitled \ Primer 
ON Methods and Scales of \oise 
Measurement, it will classify and 
identify those characteristics that must 
be known if noise is to be brought 
under control. The author is Wayne 
Rudmose and the information is based 
on paper that was given at the June 
1968 Conference on Noise as a Public 
Health Hazard. 

John Borwick will take us behind 
the scenes at (English) Decca's Vienna 
Venue. In picture and text we will see 
the facilities that have produced some 
of the finest classical records made. 

A new column will make its bow. 
Titled The Sync Tr\ck, its author 
John Worani will investigate the meth- 
ods and equipment necessary to the 
recording studio. The column will be 
responsive to reader request and in- 
quiry. The first installment covers the 
human engmeenng aspects of studio 
equipment (and their all-too-common 
lack). 

The postponed article A Different 
View of Speaker Coverage by Elliott 
Full will appear. It raises the questions 
of phycho-acoustics in the selection of 
equipment for public-address systems. 

And there will be our regular column- 
ists, George Alexandrovich, Norman H. 
Crowhurst, Martin Dickstein, and Ar- 
nold Schwartz. Coming in db, The 
Sound Engineering Magazine. 

About 

the 
Cover 

• Scenes from the 37th \ES Conven- 
tion held this past October in New 
York City. On the left (top to 
bottom) are the booths of Gotham 
Audio, Gately Electronics, and the 
3m Compvnv. On the riglit is to be 
seen Electro- Voice, Audio Designs, 
and B & K Instruments. More 
booth scenes and specific products may 
be seen in our picture gallery beginning 
on page 30. 
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One ipf A series of if «/ discussions 
t>f Oftf/o-VWre engineers 







THE . 






jaMM R. {LILL90M 




Chlfttniinttr. 




L^uifapcahErx 



Because paging and PA speakers can't always 
be placed exactly where needed for best sound 
distribution, it sometimes seems desirable to 
alter the polar pattern of the speaker to meet 
specific requirements. Observation of installa- 
tions in the field discloses a wide variety of 
methods employed to achieve asymmetrical 
sound distribution. 

These "accessories" vary from small flaps 
mounted on the horn to large panels. Even 
an existing wall or ceiling has been used to 
modify the polar characteristics. Not all of 
these devices are completely effective, and a 
brief discussion of why may aid you in making 
your own experiments. 

When an object is placed in the beam of a 
speaker, the sound striking this beam may 
do several things, depending on the size of 
the object relative to the wavelength of the 
sound. If the object is large with respect to 
wavelength (say 5 times as large) sound will 
reflect, much as light reflects from a similar 
surface. But if the object is small (perhaps 
to 1 wavelength in size) sound will diffract 
around the object. 

Now let us consider the case of a typical paging 
speaker. With a frequency response range of 
250 to 13,000 Kz, it will produce wavelengths 
varying from 4 feet to 1 inch in length. Our 
deflector must take into account the entire range 
of wavelengths if we are to affect the polar 
pattern over more than a small portion of the 
sound spectrum. 

For instance, if we were to place a 6" square 
panel at an an^le in front of the speaker, it 
would act effectively as a reflector only for the 
frequencies at or above 2 or 3kHz (and only if it 
were s<^uarely in the center of the horn). Below 
this point, sound would begin to diffract around 
the panel. At some frequencies, sound intensi- 
ties might well be higher hbimi the panel than 
at any other point due to this diffraction effect. 
At very low frequencies, the panel would have 
almost no measurable effect on the polar pattern. 

The ability of sound to diffract or reflect — 
depending on the relative size of the surface 
with respect to wavelength — can be a useful 
tool in the design of sound equipment. But 
it can also be a trap for the unwary, leading to 
unexpected results if not completely understood. 



for reprints of other discussions In this series, 
or technical dat» on any E-V product, write; 
ELECTRO-VOICB, INC., Dept. I293BD 
686 Cecil St., Buchanan, Michigan 49107 
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Letters 



The Editor: 

We were surprised at the lack of men- 
tion of Electro-Voice in your historic 
microphone article in the November 
issue of db. At least one, and perhaps 
two, of the microphones shown on your 
cover and in the article were manu- 
factured by Electro-Voice. The com- 
pany was founded in 1927 by AI Kahn 
and the writer. After a short period of 
doing repair work on the then crude 
instruments, we started manufacturing 
microphones in the basement of a gas 
station in South Bend, Indiana. 

Among the many product advance- 
ments in the late twenties and early 
thirties, was the development of a 
balanced coil device within the micro- 
phone which cancelled out hum. Hum 
pickup had been a major problem and 
this noise level necessitated a person 
shouting into the mic for any degree 
of intelligibility. Because of the Electro- 
Voice development speakers and sing- 
ers could perform naturally, and be 
heard well at the receiving end. 

Most of the companies mentioned in 
the article are no longer in the manufac- 
turing business, but Electro-Voice was 
then and is still now, one of the few 
survivors due to its continuing technical 
achievements. 

Louis Burroughs 
Vice-President, 
Professional Products 
Electro-Voice 
Buchanan, Michigan 



The Eklitor: 

In the article on the Bell & Howell 
Filmosound 8 system in your November 
issue there are two additions necessary. 

In the playback function a special 
standby oscillator is keyed in to prevent 
the projector from jumping to its full 
speed during scene changes. The oscil- 
lator is preset to approximately 18 
frames per second. 

A service has been introduced which 
permits the conversion of the separate 
cassette and film format to magnetic 
sound stripe film. It is offered as a 
service to customers through the Serv- 
ice Department of Bell & Howell 
Company. 

B. Bernhold 

Project Engineer 

Cine Electronics Engineering 

Photo Products Group 

Bell & Howell Company 

Chicago, Illinois 



Robert Bseh 

PUBLISHER 



Larry Zldc 

EDITOR 



Bob Laurie 

ART DIRECTOR 



Marilyn Gold 

copy EDITOR 



Richard L. Lcmer 

ASSISTANT EDITOR 



A. F. Gordon 

CIRCULATION MANAGER 



Eloiic Beach 

ASST. CIRCULATION MGR. 



SALES OFFICES 



New Yoric 

980 Old Country Road 
Plainview, N.Y. 11803 
516-433-6530 



Denver 

Roy McDonald Associates, Inc. 

846 Lincoln Street 
Denver, Colorado 80203 
303-825-3325 



Houston 

Roy McDonald Associates, Inc. 
3130 Southwest Freeway 
Houston, Texas 77006 
713-529-6711 



Dallai 

Roy McDonald Associates, Inc. 

Semmons Tower west 
Suite 714 
Dallas, Texas 75207 
214-637-2444 



San Francisco 

Roy McDonald Associates, Inc. 

625 Market Street 
San Francisco, CaliFornia 94105 
415-397-5377 



Los Angclei 

Roy McDonald Associates, Inc. 

1313 West 8th Street 
Los Anseles, California 90018 
213-483-1304 



Portland 

Roy McDonald Associates, Inc. 
2305 S. W. 58th Avenue 
Portland, Oregon 97221 
503-292-8521 



Japan 

TECHNOSERVICES, LTD. 
31-16 Akazutsumi 1-Chome 
Setagaya-Ku 
Tokyo 1 56, Japan 



www.americanradiohistorv.com 



..1 



At last. You can get 
your engineer just what 

he^s always wanted 

for Christmas. 



Perfection. 

Or, at least, as close as he can ever get to perfection — even at 
Christmas-time. 

The miracle worker is the EMT-156 STEREO 
Limiter /Compressor/ Expander— the first such 

I state-of-the-art device to be built in over 15 
years! And high time, too. 

It combines the most advanced U.S. 
computer technology design with well 
known German manufacturing care. 
Its control functions actually pulse 
width modulate a high frequency 
carrier, thereby allowing simple 
influence on its many operating 
parameters. 

II Use it simultaneously or 
separately as a limiter or a 
compressor and expander. 
Manually adjust compression 
and expansion ratios and the 
release times of each of the 
three functions, or let the release 
time be controlled as a function 
of the number of attacks 
against the threshold per second — 
a parameter uniquely and directly 
readable on the front panel 
instrument. Color coded knobs 
match indicators on the engraved 
control diagram for easy operation. 

The EMT-156 will faultlessly and inaudibly 
prevent peaks from exceeding a set level. It 
will restrict the program's dynamic range without 
any "pumping," "ducking" or other adverse side effects. 
And it will not allow background noise to rush back after 
program ceases. And all this in stereo, of course. 

There's a unique story behind the EMT-156. And we have 
it for you. In an eight-page, two-color brochure, which gives 
you the complete scientific background and full technical 
specifications of the EMT-156. Write or call for it today. 

Before you do, perhaps we'd better tell you that this . 

unique device also has a unique price ... $2990. 

So don't show our brochure to your engineer unless 
you're feeling generous. Because once he's read it 
or has spoken to some of its users . . . he'll certainly try 
to talk you into a $2990 Christmas present. 




Exclusive U'$. 3nd Canadian R«pr6ienlativft 

AUDiO CORPORATION 
2 West 46th StrMt. N«w Vork. N .V. 10036 (212) CO-S-4 111. 
1710 N. LaBre« Avenue. Hollywood C* 9004$ (213) 674-4444 

For price inlormation and literature outside 
y\ the U.S. and Canada, contact: 

rTUTi FMT WILHELM FRANZ GMBH 
5430 Wettingen (AG) Switzerland 
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double 
cassette 
duplication 
profits 



The new Super Cassette Duplicators 
are now twice as last. . produce 
from 1 .400 to 30.000 C-30 cassettes 
per 3-shift workday Professional 
quality, 10.000 Hz. frequency 
response from either 7'/2 or 3% ips 
master reel tapes 

The Infonics^system allows you to 
duplicate 4 cassettes every 2 
minutes for a small initial investment, 
then add 8-cassette slaves as your 
profits increase. You save S35.000 
to $100,000 over conventional 
systems, and you eliminate cassette 
loading after duplication. 

Write today for your free full-color 
brochure and a delightful 
surprise . . . our new price list 



inlbnics 



1723 Cloverlield Boulevard 
Sanla Momca. California 90404 
(213)828-6471 ■ Cable Adoress Infonics 



The Audio 
Engineer's HandbooK 



GEORGE ALEXANDROVICH 



DIRECT INTERSTAGE 
COUPLING IN TRANSISTOR 
AMPLIFIERS 



• III our ])revious discussion on minia- 
turization of electronic equipment for 
audio use we did not mention what 
advances in circuit design made smaller 
packaging |)ossiijle nor what effect this 
had on the |)erformance of the circuit. 
W'e talked about the suhstitution of 
bulky com|X)neiUs by smaller ones — of 
more expensive type. No manufacturer 
will miniaturize his equipment without 
attempting first to maintain its cost. 
.Since miniaturization inevitably- calls 
for more expensive parts, cost control 
is achie\eil through the simplification 
of the circuit. It has happened that 
simpiitication of transistor amplifiers in 
attempts to integrate the circuit on a 
single chip have resulted in an impro\ e- 
ment of circuit ])erforniance. A descrip- 
tion of these circuits is the subject of our 
discussion this month. 

As >ou know, a transistor basically 
is a three-terminal device which, when 




connected into the circuit, must be 
jiroperK- biased in order to amplify. 
When the transistor was first invented 
the initial useful circuits resembled 
tube-type amplifiers — each stage was 
treated se()arately as a separate isolated 
amplifier. Figure 1 shows a t\'pical 
class-.\ amplifier with two indeijendent 
stages. Resistors Ri and Ra are bias 
resistors while Ra is a load resistor. 
Ri is an emitter and feedback resistor 
(since it is not bypassed with a capaci- 
tor). 

The second stage is identical to the 
first except that it operates with higher 
level signals. Capacitors Ci, C2 and C3 
a.c. couple the stages but isolate them 
to d.c. 

This kind of circuit could be built by 
progressi\ely adding stage by stage. 
A problem with this type of circuit is 
that, in order to extend fretpiency re- 
sponse to very low frequencies large 



-oCNO 

Figure 1. A typical cla»$-A amplifier with 
two independent stages such as were first 
used with transistors. 




Figure 2. The invention of directly-coupled 
stages greatly limpliRed the circuit of 
Figure 1 . 
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"Elektra was first in 
recognizing tlie value of 
tlie Dolby System for 
multi-track rock recording, " 



says Jac Holzman, President of Elektra Records. 
"Since early 1967, we have used Dolby units on 
most of our recordings of Tfte Doors, Judy Collins, 
Tim Buckley, Tom Paxton, Tfte Incredible String 
Band, Roxy, and many ottiers. Tfte New Music can 
have a surprising dynamic range, and we find that 
the Dolby System not only gives a really low-noise 
background during quiet passages, but it helps to 
preserve the clarity and definition of complex 
musical textures. A related advantage is that the 
mixdown is faster and less tedious. In working out 
the final mix, we no longer have to resort to intricate 
equalization schemes to retain crucial nuances and 
subtleties of the performance." 



DOLBY LABORATORIES INC 

333 Avenue of the Americas New York NY 1 001 4 
telephone (212) 243-2525 cables Dolbylabs New York 

(or inlernalional Inquiries contact UK address: 

346 Clapham Road London S W 9 England 
telephone 01 -720 1111 cables Dolbylabs London 



S. Ctfir. Audio Industries Corp. 

1419 N LaBtca Ave Hollywood. Calif 9002B 

Tel.213.H0 5-4111 
N. Calif. Audio Vldoo Systsms Enginseriiig 

1525 Tennessse Street. San Francisco. Calif. 94 107 

Tel. 415-647-2420 
Midwest Espart Electronics. Inc. 

7201 S- Western Avenue. Ctlicago. Illinois 60636 

Tel. 312-HE6-27DD 
Ctntdt J. Mar Electronics, Ltd. 

6 Banigan Drive. Toronto 17. Ontario. Canada 

Tel 416.421-9080 
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capacity electrolytics have to be used. 
When the circuit is energized it takes as 
much as a few seconds for the capacitors 
to acquire their charge. Until they do, 
transistors are not biased properly and 
there is no amplification. Also if a 
sudden overload of any one of the 
amplifier stages occurs, thereby charg- 
ing the electrolytic with the transient 
peak, it produces a momentary shift in 
a bias — again blocking the amplifier and 
requiring seconds for the amplifier to 
recover from overload. This circuit 
requires four resistors for acceptable 
performance. With electrolytic capaci- 
tors it takes at least five components 
per amplification stage. For extra gain, 
emitter resistor R« is bypassed with a 
large capacitor. This increases the 
number of components to six. Piling up 
components around each transistor is 
not only costly, but decreases circuit 
reliablility. 

Invention of directly-coupled transis- 
tor stages simplified the circuit, in- 
creased reliability and performance, and 
improved temperature stability. As 
seen in Figure 2, direct coupling of the 
two successive stages is more economical 
in terms of components. Additionally, 
there is a difference in the way the 
biasing is accomplished. Resistor R13 
couples the base of the Q3 to the emitter 
of the Qj. Large resistance value of 
R13 produces little negative feedback, 
but supplies the d.c. current for the 
biasing of the base. The basic difference 
between the two circuits is that the 
biasing of the first stage in the directly- 
coupled amplifier is also affecting the 
biasing of the second stage. Ru is 
selected so that the output of the 
amplifier produces symmetrical clipping 
of the signal at the output, and this sets 
the operating point for the entire circuit. 
Since biasing is taken from the second 
stage, any change in current through 
the second stage due to change in 
temperature is reflected in a change of 
emitter potential. This increase in 
voltage due to change of conduction of 
Q< alters the bias of Q3 through R13 in 
turn changing the bias of Qt and com- 
pensating for the initial drift. 

The elimination of the bypass capaci- 
tors means that the small low-fre- 
quency rolloff caused by each of the 
bypass electrolytics is eliminated. Since 
this rolloff effect is additive, over-all 
response of the system is thereby 
greatly improved. If input and output 
capacitors are left out the amplifier 
is capable of amplifying d.c. The fact 
that there are no capacitors in the basic 
amplifier circuit makes this circuit ideal 
for miniaturization through the integra- 
tion of the circuits on a silicon chip. 
Since ca{>acitors can not be (as yet) 
included into the ic they have to be 
connected to the chip externally. 

If more than two stages of amplifica- 
tion are involved, direct coupling saves 
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Fisure 3. The Darlington circuit. R15 and 
Rlti adjust the bias of the entire circuit. Ri7* 
can be used for more stable biasing. 



even more components. The only time 
capacitive decoupling using electroly- 
tics (or other capacitor types) is needed 
is when it is required to isolate the 
load or the source from adversely 
affecting the d.c. parameters of the 
amplifier. For all practical purposes de- 
coupling has to be in, except where the 
amplifier is working as a d.c. amplifier 
(power-supply voltage regulators or 
drivers for bulbs, meters, motors or 
relays). 

Direct coupling in the amplifier re- 
duces the phase shifts at low frequen- 
cies, increasing amplifier stability. This 
increase allows more negative feedback, 
producing lower distortion as an end 
result. 

Directly-coupled circuits have reached 
a degree of high sophistication and are 
used extensively in the design of in- 
tegrated circuits. The variety of ap- 
proaches and circuits that have been 
invented includes circuits with dozens 
of transistors, with as many diodes, 
resistors and stages, comprizing com- 
plete power amplifiers, computer cir- 
cuits, regulators, gates and myriad of 
other devices. 

One of the very basic but useful 
circuits using direct coupling is the 
bootstrap or Darlington circuit. Figure 
3 shows it. Qe is connected as an 
emitter follower. As shown, the ampli- 
fier is meant for d.c. amplification be- 
cause input and output coupling capaci- 
tors are left out. Since the emitter- 
follower circuit is a current amplifier 




Figure 4. Most of the components shown 
appear on an integratcd-circuit chip. This 
is a 1-watl power amplifier. 



producing no voltage gain, signals 
applied to the base of Qe are appearing 
at the emitter of the stage, amplified 
according to the beta or amplification 
factor of the particular transistor. The 
higher the beta of the stage, the smaller 
the current needed to the base of the 
Qe to produce the same current ampli- 
fication. By adding Qs to the base cir- 
cuit of Qe, betas of the two transistors 
multiply increasing the sensitivity of 
the circuit to the signals applied to the 
base of Q*. Since Qs is also an emitter- 
follower circuit, it offers no voltage 
gain but has high current gain. This 
means that the current through R15 
is larger than the current sent through 
the base of Qs by the product of Qs 
and Qe betas. Addition of resistors Ris 
and Rie adjusts the bias of the entire 
circuit and allows the use of coupling 
capacitors on the input and output. 
In practice, no more than three transis- 
tors are usually bootstrapped because 
leakages of the output stage is reflected 
back into the input, decreasing the 
input impedance to the point where all 
advantages gained by the use of Dar- 
lington connections could be negated. 

From Figure 4, which shows a com- 
plete but comparatively simple ampli- 
fier using direct coupling techniques, 
you can see that circuits of the future 
will be relying on simplicity of design 
in terms of components required, yet 
will be reliable, and integrated with 
uncompromizing performance. The cir- 
cuit shown happens to be an ic with a 
capability of 1 watt of power dissipa- 
tion into a 16-ohm load. The size of the 
chip is hardly the size of the head of the 
small nail, yet it represents a circuit 
which, when built using separately 
biased stages, would require at least 
five times the number of resistors and 
capacitors. If there are seven transistors 
and we have determined that four 
resistors and one capacitor are needed 
for each stage, this implies the need 
for twenty-eight resistors and seven 
electrolytics. 

The degree of miniaturization 
achieved through the use of direct 
coupling is estimated in this case to be 
at least fifty fold. There was no attempt 
to calculate the resultant degradation 
of performance without a direct-coupled 
circuit due to additional electrolytic 
phase shift or size. One more important 
fact about directly-coupled amplifiers; 
this technique is responsible for achiev- 
ing extremely high impedances at the 
input, and low impedances at the out- 
put. This allows the construction of 
circuits using coupling capacitors of 
much smaller value, thereby further 
decreasing the size of the package. Low 
output impedance because of the large 
amount of negative feedback allows the 
use of long lines without appreciable 
loss, especially when feeding a high 
input impedance circuit. 



www.americanradiohistorv.com 



GATELY "BUILD-YOUR-OWN" AUDIO SYSTEMS 
the performance you need...at a price you can pay 
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GATELY AUDIO SYSTEM NO. 3 
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GATELY AUDIO SYSTEM NO. 4 
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Why pay twice as much for a console with capabilities beyond your requirements? Gately's unique 
"build-your-own" audio systems allow you to pick and choose components to meet your own individ- 
ual needs. You get 2, 4, or 8 channel mixer-equalizer capability at half the cost— with no sacrifice 
in quality or performance. And if your requirements increase, you can get additional components 
later on. So why delay? Check with your dealer or Gately Electronics for recommendations on the 
system you need to do the right job for you! 



GATELY ELECTRONICS 

57 West Hillcrest Avenue, Havertown, Pa. T9083 
...have you checked Gately lately? 



• (215) HI 6-1415 
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three 
8-track 
cartridges 
every 
minute 



The new lnfonics,D-8 duplicator 
allows you to enter the high-profit 
8-track cartridge field with only 
a S4,895 investment. Duplicate 
three 150-ft. tapes per minute 
at 30 ips from 8-track cartridge 
tape, or make your own 8-track 
master tape from any stereo 
input with the new Infonics 
MR-e Master Recorder. 

With a 12,000 Hz. professional 
quality Infonics D-8 and two 
4-tape DS-8 slaves, you make 1 1 
tapes per minute. Load the tape 
into cartridges on a precision- 
timed Infonics Cartridge Loader. 

Write for your free brochure and 
price list today. 

infbnics 

1725 Cloverfield Boulevard 

Santa Monica. Calilorma 90404 

(213) 828-6471 • Cable Address Infonics 




The 

Feedback Loop 



ARNOLD SCHWARTZ 



• The Columbia Broadcasting System 
has proposed the creation of a pri^'atel>■ 
operated system of domestic satellites 
to distribute television and radio pro- 
grams across the nation. CHS presi- 
dent, IJr. Frank Stanton, announced the 
proposal at the Audio Engineering 
Society convention banquet held in 
New \'ork City on October 15. The 
price of the satellite system is esti- 
mated at $100-million, but involves no 
cost to the ta.\payer. I>. Stanton e.\- 
plained that this system would bring 
some of the benefits of space-age tech- 
nology to the American people by en- 
larging the capabilities of the television 
and radio networks. At present the 
long lines department of the American 
Telephone and Telegraph Company 
(AT&T) provides the ser\ ice of nation- 
wide radio program distributiDn. In- 
terestingly enough, AT&T's announced 
position, following Dr. Stanton's state- 
ment, was that the wisest public policy" 
dictated that any group or organization 
be allowed to apply for operation of a 
domestic communication satellite sys- 



tem to be established. 

The efTects of the propossed satellite 
system, if it were to be realized, are 
difficult to predict. As far as radio pro- 
gram transmission is concerned, it 
would, in all likelihood, replace much 
of the long haul service now provided 
by AT&T. Local transmission lines, 
such as those going from radio studio 
to transmitter, would probably not be 
affected. A hybrid system would result 
with interface provided to interconnect 
existing local lines with the national 
distribution system provided by the 
proposed satellite system. In light of the 
CUS proposal, it would be interesting to 
look at the service now being provided 
by the long lines department of AT&T. 

When I was with the American Broad- 
casting Company there was a particular 
jack located in network master control 
that always aroused my curiosity. This 
jack was labelled NR. If a handset was 
plugged in there was always a helpful 
voice at the other end to assist in cor- 
recting some line trouble or to verify an 
upcoming switching arrangement. I 
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Why not let 
your audience 
hear you at your best ? 

These professional products from CBS Laboratories guarantee 
it! They make transmitters behave . . . beautifully. They don't 
shout. They don't whisper. And they increase effective coverage 
for you. What a market you'll reach! 




Audimax. An automatic level control years ahead ot any other 
of its kind! II controls the level of program audio while maintain- 
ing original dynamic fidelity. Boosts your signal to a higher aver- 
age level. Guarantees a considerable increase in your effective 
audience coverage. 



Volumax. Outmodes conventional peak limiters! Automatically con- 
trols your peak modulation level. Can double your effective listen- 
ing area. Fact is, the combination of Audimax and Volumax not 
only guarantees you a maximum increase in effective coverage . . . 
it also insures a smoother, more pleasant sounding program. 




Wide Range Program Monitor. A meter so sensitive there's no such 
thing as silence. And so easy to read— it measures program 
levels clear across a 60 decibel range on a linear scale. Monitors 
full dynamic range . . . without switching scales. 



Loudness Controller. Exclusive! The only instrument that guaran- 
tees your audience's listening comfort. Automatically reduces 
excessive loudness levels. Ends listener complaints. Uncondition- 
ally guaranteed. 



PROFESSIONAL 
PRODUCTS 

LABORATORIES 

SlamfDro >690b 
AQivisronofColumbia Broadcasting Syslem. inc. 
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12 VOICE 



12 SIDEBANDS 



60 

SIDEBANDS 
SUPER 



600 
SIDEBANDS 



CHANNELS 




GROUP 1 
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Figure 2. The ATAT 
L'Type multiplex 
lystem. 



12 CARRIERS 
60-180 kHz 



5 CARRIERS 
312-552 kHz 



10 CARRIERS 
600-2788 kHz 



finally got to see where the NR (it 
means network radio) jack terminates. 
It is in an enormous master control 
room operated by the long lines de- 
partment, and is located tn the tele- 
phone company building at 32 Avenue of 
Americas in New York City. This area 
functions as a central switching and 
control facility for all long distance 
radio program lines in the New York 
area. Incoming signals destined for wide 
area distribution are amplified and equal- 
ized before being fed to the long-dis- 
tance transmission system. 

Transmission lines can be divided 
up into two groups: those operated by 
Associated Companies, and those op- 
erated by the long lines department of 
AT&T. The term Associ4ited Company 
refers to an "Associated Bell System 
Company whose function is to conduct 
that part of the various services, includ- 
ing program transmission which, in 
general, do not extend outside the limits 
of its particular service area". Long 
lines refers to the long lines department 
of AT&T whose function is to conduct 
program transmission which intercon- 
nects the territories of the different 
Associated Bell System Companies. 

A generalized block diagram of a 
typical long lines transmission path is 
shown in Figure 1. The program signal 
is fed from a studio or other source to the 
terminals of the transmission lines 
operated by the Associated Company. 
Program signals that are to be sent 
outside the local area terminate in the 
long lines central control area (NR). 
At this point amplifiers, equalizers and 
other equipment are employed so that 
signal-to-noise and frequency response 
specifications are maintained. The pro- 
gram signal IS then ready to be fed to 
the carrier system. 

Long-haul wire and radio systems 
employ what AT&T calls its L-Type 
multiplex terminals. This is a single 
side band suppressed-carrier system 
which translates "voice channels" into 
high-frequency sidebands. The high- 
frequency signal is then transmitted to 
remote points over cable or radio. A 
voice channel has a bandwidth of ap- 
proximately 200-3,500 Hz. In the L600 
multiplex system a composite signal is 
derived that contains 600 voice-chan- 
nels. This composite signal is built up 



in three stages. The first step is forma- 
tion of a group by modulating 12 car- 
riers with 12 voice channels. The group 
frequency range is 60-108 kHz. Five 
such groups are then used to modulate 
five more carriers in the 312-552 kHz 
frequency range, and form a super- 
group. Finally, ten supergroups are 
used to modulate ten carriers in the 60- 
2788 kHz frequency range to form a 
mastergroup. Figure 2 summarizes this 
process. Cascading side bands in this 
way is more economical than modulating 
each voice channel with its own carrier. 
For example, the total number of 
carrier frequencies is reduced from a 
possible 600 to 25, and represents an 
eflficiency at both sending and receiving 
terminals. 

This composite signal, composed of 
600 voice-channels, is transmitted by 
coaxial cable or microwave radio (see 
Figure 2). Suitable receiving and de- 
modulating techniques are employed 
at the receiving terminals, including the 
insertion of a carefully controlled car- 
rier frequency, to extract the original 
radio program signal. Associated Com- 
pany lines are then employed to send 
the program to its final destination. At 
some receiving terminals a technique 
called branching is employed to avoid 
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COMPOSITE 
SIDEBAND 
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LINES OFFICE 



TO NEXT 
LONG 




PROGRAM 
"SIGNAL 



ASSOCIATED 
COMPANY LINE 



TO LOCAL STUDIO 



Figure 3. Thif ii the ATAT branching tech- 
nique. 



degrading the signal by successive 
modulation and demodulation. It is 
similar to the audio technique of 
bridging, and is used when the program 
channels are to be distributed in one 
area while at the same time it is re- 
required that the full group be trans- 
mitted to a more remote long tines 
office (see Figure 3). 

AT&T offers program transmission 
facilities of various bandwidths. A 
widely used type of channel (Schedule A) 
has a range of 100-5,000 Hz. Extension 
of the bandwidth for Schedule A 
channels is accomplished by using two 
voice channels. In addition a Schedule A 
channel receives more careful sup)er- 
vision and has more extensive back-up 
facilities. In the case of Schedule AA 
channels, having 100-8,000 Hz range, 
three voice channels are used. For a 
Schedule AAA line, with a frequency 
range of 50-15,000 Hz, an entire group 
is used (12 voice channels). It is interest- 
ing to note the direct relationship be- 
tween bandwidth and line cost. As 
bandwidth increases the channel utiliza- 
tion increases, and the rental cost rises 
proportionately. 



db 

Binders 

only $4.95 
postpaid 



H«avy-w«ight binders are now available to 
hold the thirteen issues of Volumes 1 and 2. 
Rich brown leather-grained virgin vinyl, 
with our name printed in black on the spine 
and Front cover, is electronically sealed over 
rigid board to give your volumes of db 
lasting protection. Keep your copies pre- 
served in perfect condition, protected from 
dust and damage. 



Please send me 



copies of the 



db Magazine binder. My check for 
i, is enclosed (sorry, no 



I c.o.d.). 

j Name 

I 

I Address - 

I 

I 



number and street 



I city 



zip 



(New York State residents please add 
5% sales tax). 

Mail to: db, the Sound Engineering 
Magazine, 980 Old Country Road, 
Plainview, N.V. 11803. 
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The SM60 cannot be stereotyped — is equally at home 
in the studio or in the field — stand-mounted or hand- 
held — in uses as diverse as outdoor sporting events 
and elaborate variety shows. Small wonder that audio 
engineers have called it one of the most versatile omni- 
directional dynamics they've ever encountered, for the 
SM60 Is a unique combination of good looks, strength, 
performance and economy. 

The smooth, wide-range response provides cleanest, 
natural reproduction of both speech and music. A very 
effective built-in wind and "pop" filter protects against 
undesirable effects of close-talking. 



Lustrous, non-glare metallic finish and tailored-to-the- 
hand dimensions provide striking on-camera appear- 
ance and superior handablllty. Specially reinforced 
machlned-steel case front is designed to take abuse 
that would ruin other microphones — you can drop it 
on its nose without damage to the Internal structure! 
Efficient windscreen and front end are quickly and 
easily removable for cleaning. 

Best of all, it is priced competitively with conventional 
"workhorse" microphones. Why not check out an 
SM60 now? See your Shure Professional Products Dis- 
tributor, or contact Shure Brothers Inc., 222 Hartrey 
Ave., Evanston, III. 60204— Phone 312 - 328-9000. 



VERSATILE OMNIDIRECTIONAL DYNAMIC MICROPHONE 



SHURE PROFESSIONAL MICROPHONES 



FOR BETTER AUD 




MODEL SM56 
CARDIOID 
DYNAMIC 

Extremely versatile in 
studio, control room, 
and remote use. Also 
widely acclaimed for 
rhythm recording. 
Bright, clean sound. 
Exceptionally uniform 
cardioid pattern gives 
optimum control of 
environment. 




MODEL SM33 
UNIDIRECTIONAL 
RIBBON 

Warm, smooth sound 
for studio, control 
room, and scoring 
stage. Superordioid 
directional pattern. 
Compact, yet rugged. 




MODEL SM76 
^4" OMNIDIRECTIONAL 
DYNAMIC 

deal for interviews 
and audience partic 
pation, yet unusually 
smooth wide range 
response (40-20 KC) 
for critical music re- 
production. Instantly 
detachable from 
stand. Steel case with 
Cannon connector. 




MODEL SM50 
OMNIDIRECTIONAL 
DYNAMIC 

Self-windscreened 
and pop-free for news, 
sports, remotes, and 
interviews. Also ideal 
for many studio and 
control room applica- 
tions. Comfortably 
balanced for hand or 
stand use. Natural 
response. 
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Theory and Practice 



NORMAN H. CROWHURST 



• Building things that oscillate is an 
interesting, as well as occasionally useful 
pursuit. And it's also a wonderful area 
for putting theorj- and practice together. 
The theor>' suggests a circuit should 
work, but it doesn't, so you must revise 
the theory to find out why, and make 
something that will work. Or it works, 
but the waveform isn't what you expect, 
so again some back and forth between 
theor>' and practice is the best solution. 

The mathematics for designing a 
phase-shift oscillator is not too difficult, 
provided you are conversant with the 
use of operator-J. And operator-J is 
perhaps a more practical mathematical 
tool than some other approaches, be- 
cause it allows practical factors to be 
included. But for now we'll stick to the 
more over -all picture. 

To oscillate, a phase-shift circuit (as 



opposed to the zero-phase, or half bridge 
circuit, which we'll come to later) 
needs at least three capacitors con- 
tributing to the same kind of phase 
shift, either advance or delay. Two 
such elements produce an ultimate 
phase shift of 180 degrees, which is 
reversal, but only when the gain has 
fallen to nothing. Using three elements 
allows a phase shift of 180 degrees to lie 



Fisurc 1. The luc- 
CMsive phase shifts 
of three stages of 
R-C non-interacting, 
to produce phase 
reversal for oscilla- 
tion. ^1 ■ ■ 
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A complete line of Indoor and 
Outdoor Sound Columns— to beam 
sound exactly where you want it 



□ Sound Column's bicone speakers 
create a flat, fan-shaped beam of 
sound that can be aimed as required 
with great accuracy — quality audio 
is easily distributed even in very 
noisy surroundings □ Reverbera- 
tions and echoes are more easily 
controlled or eliminated □ High 
fidelity audio coverage over the full 
frequency range from 60 Hz. to 18 
KHz. □ Fine, rich reproduction of 



music □ Handsome birch or walnut 
veneer cabinets available □ Adjust- 
able brackets for mounting to wood, 
masonry, concrete or steel □ Write 
for "Sound Column" applications 
bulletin to the innovators. 
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achieved while there is still some signal 
being transmitted. 

Now comes the question, whether to 
use delay or advance: shunt or series 
capacitor elements. -As at least one 
series capacitor will be needed to pro- 
vide d.c. blocking between signal and 
bias, this means two more will do it. 
I3ut there is another reason for pre- 
ferring the series configuration. 

A series configuration is a sort of 
high-pass filter, while a shunt con- 
figuration is a sort of low-pass filter. 
But the feedback through the phase- 
shift network is negative in the absence 
of phase shift, of which 180 degrees 
converts it to positive at that one fre- 
([uency. 

If three R-C networks don't interact 
— that is, if they are separated by 
emitter followers or something that 
prevents the impedance of one from 
interacting with the next, each network 
wilt contribute 60 degrees phase shift 
when the series reactance is 1.732 
times the resistance, and the output 




from each stage will be half its input 
(FlGl'KE 1). 

Thus three stages will reduce the 
input to l/8th with 180 degrees phase 
shift. Such an arrangement could be 
made into a fairly stable oscillator 
(Figure. 2), by inserting a stage that 
produces ver>- slightly more than 8:1 
voltage gain, to offset this loss. With 
the values chosen, each capacitor feeds 
into 500-ohms resistance, so the fre- 
c|uency is set by where the reactance is 
866 ohms, which would make 0.1 mPd 
oscillate at about 1,850 Hz. 

The advantage of this method (series 
capacitor elements), as well as making 
coupling easier, is that any harmonics 
generated by the gain transistor (Q3) 
are fed back as negative feedback, and 
thus reduced by the feedback, while the 
fundamental is fed back precisely posi- 
ti\-e. 

But that's a lot of parts to make an 
oscillator, and if its frequency needs to 
be varied, or ex-en adjusted, at least 
three capacitors need changing. For 
many purposes, it would be an advan- 
tage to have a circuit that doesn't re- 
quire so many parts, and that could be 
adjusted more easily. 

While using operator-J to do the 
calculations makes the theory of any 
network relatively easy to handle, a 
particularly simple one to use as a 



the inside story of Willi Studer 



The Revox A77 is Willi Studer's brain child. . . 
born from years of experience designing 
magnetic recording equipment for the 
broadcasting and recording industries. This 
is a great machine that comfortably outper- 
forms recorders costing even three times as 
much. 

As noted in the report by Hirsch-Houck Labo- 
ratories: "At 7-1/2 ips, the response was 
within +0.5, -2.0 dB from 20 to 20,000 Hz. 
This has never been equalled by any other 
recorder we have tested. It is one of the 
handsomest, as well as best-performing, tape 
recorders we have seen. We have never seen 



a recorder that could match the performance 
of the Revox A77 in all respects, and very 
few that even come close. It sounds as good 
as it tests, which speaks for itself." 

To know the detailed inside story on Willi 
Studer's Revox A77 read the fully descriptive 
story from REVOX CORPORATION 212 Mineola 
Avenue, Roslyn Heights, N.Y. 11577 
Telephone (516) 484-4650 



In Canada contact 

Tri-tel Associates Ltd Toronto Canada 
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Figure 2. On« way 
of embodying (is 
the patent «pec$ uy) 
the phase shifts of 
Figure 1 into a Iran- 
sistorited oscillator. 




01 



:82K <iK 



0.1 




02 



if 



01 



it 



03 




04 




;iK 



: IK 



:560 ^ 120 



: IK 



starting point is the combination of 
identical successive elements, in this 
case, three identical Cs and three identi- 
cal Rs (Figure 3). 

Theory tells that with this combina- 
tion, the attenuation at the 180 degree 
phase shift frequency is 29:1, and that 
the frequency is one where each capaci- 
tor has a reactance root — 6 (approx. 
2.45) times the resistance values. This 
means a gain of just under 30 needs to 
be provided. 

But how do you apply this to a tran- 
sistor circuit? The network postulated 
works from zero source into an open- 
circuit load. The open-circuit load can 



only be approximated by feeding into 
an emitter follower, although as the 
terminating shunt value is a resistance, 
it can be arranged as the input im- 
pedance of the gain stage, as was done 
in Figure 2). But the only way to get 
something approaching zero source is 
to use an emitter folIower_to feed the 
network (Figure 4). 

The values there are worked out to 
provide a workable oscillator. We have 
cut the number of transistors from 4 to 
2. But isn't there a way of making a 
circuit oscillate reliably with only one 
transistor? 

The theory used to calculate the facts 
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Third-Generation IVIixing Desks... 
compact and flexible, realistic pricing. 



□ Philips MD Series Mixing Desks 
are designed for recording, radio, 
TV, film and theatre use □ They have 
exceptional operational features 
with outstanding specifications and a 
price-to-performance ratio un- 
matched in the industry □ Solid 
state □ Flexible, easily-serviced de- 
sign based on modular system □ 
Maximum of 24 inputs to 12 input 
channels □ Up to 4 independent 
output channels (for stereo and multi- 



track recordings) □ Current-depen- 
dent mixing □ Monitoring and 
pre-listening provided □ Optional 
equalizer module, with 4 equalizers, 
switchable to 8 input channels □ 
For full data, contact the innovators. 
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relative to the network of Figure 3 was 
based on voltage attenuation, or divi- 
sion. An input voltage source is used to 
deliver an output voltage at the other 
end. But a transistor is basically a cur- 
rent-amplifying device, so it would be 
easier, in this case at least (it isn't 
always true), to regard the transistor 
as a current source at the beginning 
of the network, delivering a current at 
the end of the network. 

In terms of impedance, this means 
that the first impedance source is high 
(theoretically infinite) while the last is 
low (theoretically zero). 

As we've shown in earlier discussions 
about operation of transistors, their 
bias can be more readily stabilized with 
a substantial resistor in the emitter, or 
by taking the bias resistor from the 
collector rather than the collector 
voltage supply point. But using either 
of these methods of stabilization to 
hold gain within close margin will make 
it difficult to get a gain of 30 (more 
precisely 29) from a single transistor. 

There's one simple trick, which isn't 
capable of exact prediction by theory: 
that's to put one of the capacitors in the 
emitter circuit, bypassing the emitter 
resistor (Figure 5). This produces the 
same effect, in the collector circuit, as 
inserting a series capacitor between 
the collector and the collector load, 
except that it doesn't block d.c, as 
making that connection would. 

Also this means that a slight reflec- 
tion occurs into the base circuit, that 




Figure 3. The basic identical successive- 
element network that can be used. It forms a 
good starting point for other variations. 
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Figure 4. A circuit using the basic network 
of Figure 3, again with an emitter Foil ow«r 
to provide essentially x«ro source im- 
pedance for the feedback network. 
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Figure 5. Another variation that can be 
made to work putt one of the phase-ihift 
capacitors acrosi the emitter reilrtor. 
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Figure 6. Making frequency adjustable is 
best achieved by putting a variable resistor 
in the middle phase-shift stage. Using a 
combination of fixed and variable resistance 
limits variation of oscillation condition with- 
in a practical range. 

looks like a shunt capacitor. But this 
effect is much smaller (approximately by 
the current gain of the transistor) and 
thus the predominant effect is the 
phase shift at the collector. 

Adjusting the frequency of this kind 
of oscillator can be achieved by making 
the resistance of the middle stage of R-C 
coupling variable. This is the change 
that has least effect on over-all attenua- 
tion of the network, as frequency setting 
is changed. It also does not affect the 
collector and base circuit impedances as 
much as changing any other component 
in the network would. 

It is best to limit the variation that 
can be achieved to that over which 
waveform is not seriously impaired 
(Figure 6). 

With tube circuits, a more popular 
form of oscillator circuit used the so- 
called half-bridge or Wein bridge, which 
uses a combination of series R and C 
with parallel R and C to produce feed- 
back which is positive and in-phase at 
just one frequency. Converting this 
variety for use with transistors en- 
counters certain problems which we will 
take up next month. 



Frequency/Phase Response Test Record 



• RIAA-Equaiized I kHz Square Wave 

• Low-Distortion I kHz Sine Wave 
■ Silent Grooves of 50 dB Weighted 
m 3 kHz Signal for Flutter Test 



$6.95 




A — INPUT TO RECORDING AMPLIFIER 
B — REPLAY FROM DISC 

Here is a single record designed to provide a precise and rapid eval- 
uation of disc playback equipment. It is a seven-inch, 45 r.p.m. disc of 
highest quality. All cuts are recorded to the RIAA characteristic, no other 
equalization is required to interpret the square waves. 

Broadcast/recording standards are used throughout in the disc's pro- 
duction. The 1 kHz square wave has a tilt of less than 1% and is re- 
corded at an RMS velocity of 7 cm./sec. (equivalent to a sinusoidal form). 
Overshoot and ringing have been found to be purely a function of replay. 

The 1 kHz sine wave will be found useful for level and distortion 
measurements. Recorded velocity is 7 cm./sec. Typical distortion meas- 
urements (using a 500 Hz high-pass filter) are less than 2%. 

Silent grooves are provided for rumble evaluations. Accurate meas- 
urements with signal-to-noise measurements of better than 50 dB are pos- 
sible. 

Finally, a 3 kHz signal is recorded for use with standard flutter me- 
ters. When played on a high-quility turntable, measurements well below 
the NAB standard may be made. 

The recording is produced in Australia by Ranger Recordings, ex- 
clusively for TIMEKEEPER. 



TO: TIMEKEEPER 

P. O. Box 762 
Mineola, N. Y. 11501 

Enclosed is a check for $ Please send copies of 

the Ranger Frequency/ Phase Response Test Record at $6.95 each. 
Shipping costs: add 50c regardless of quantity. 

Name Company 



Address • • • • 

City State 

(New York State residents must add 5% sales tax) 



Zip 
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Sound with Images 



MARTIN DICKSTEIN 



HOLOGRAPHY FOR THE HOME 



• Now that the World Series is over, 
you might want to take another look 
at the fantastic catches made in the out- 
field or you might wish to look at the 
last time Ted Williams stepped up to 
the plate (and hit a home run), or the 
61st home run Roger Maris hit, or any 
other similar historic moment in sports. 
Perhaps there are events in theater or 
art that you would want to see. , .and 
on your television set at home, when- 
ever you wished. 

Toward this end, a new device was 
presented to the press about two 
months ago, and although the final 
product is not yet ready for the public, 
the idea has been developed to the 
point where the softwear is already 



under preparation and the hardware 
will be available for purchase in the 
early 1970's. 

The SelectaVision"" unit, developed 
by RCA, is envisioned as a small 
cartridge pla>'er, not much larger than a 
hi-fi phonograph, hooked up to the 
antenna leads of the t.v. set and 
capable of playing back in full color (on 
a color set) or in compatible black-and- 
white. To accomplish this feat, the 
capabilities of holography are used and 
the advantages derived therefrom offer 
a low-cost unit, inexpensive tape cart- 
ridges containing almost indestructible 
tape and nearly unlimited library 
from which to cull material for play- 
back in the home. Most recently, 
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The PRO 12 Tape Recorder: industrial 
reliability, studio performance 



□ The PRO 12 deserves your special 
consideration. It is the finest new port- 
able professional tape recorder on the 
market □ Solid state □ Portable/ Com- 
pact □ Twin-track mono; dual half track; 
stereo models □ Special version for four- 
track mono and stereo □ Semi-servo 
speed control □ Mixer/Preamp with 
three inputs for each channel □ Built-in 
facilities for mixing two inputs □ Test 
switch for lineup □ Multi-play and 
Sound on Sound recording □ Switch- 
able monitoring of recording signal dur- 
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Ing recording — Before and After tape □ 
Built-in monitor amplifier with loudspeak- 
er □ Stereo headphone monitoring □ 
Cue and dubbing facilities □ Tape-lifters 

□ End-of-tape and tapebreak switch □ 
Pause button □ Remote control facilities 

□ For full data, contact the innovators. 
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OniFtiilipt Parkway. Mofltval*. N J. 0764S • 201/391-1000 
A NORTH AMERICAN PHILIPS COMPANY 
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the literature available on the applica- 
tions of holography seems to indicate 
that the final image will appear in 3D, 
taking advantage of the peculiar charac- 
teristic of lensless photography to pro- 
vide the observer with a completely 
realistic image of the process or object 
under scrutiny. However, this method 
(Figure 1) is only one method of pro- 
ducing holograms. 

In the Fresnel method (Figure 2) 
the hologram is formed with the object 
in the near field while in the Fraunhofer 
process, the object is in the focal plane 
of a lens (as is the reference laser beam's 
source). The resolution of the latter 
process is much higher than that of the 
other method. In the third method, the 
ofT-axis beam is used to produce images 
that do not line up. This provides two 
images each of which can be recorded 
without interference from the other, a 
marked improx'ement over the short- 
comings of the Fresnel method, es- 
pecially, with the two images on the 
same axis — each interfering with the 
sharpness of the other. In the Fourier 
method, the hologram can be produced 
either with or without a lens (A) and 
(B) as the reproduction is accomplished 
with a lens to effect the transform (C). 
In any event, the hologram contains 
only waveform patterns (Figure 3) not 
images. 

While it seems as though most holog- 
raphy applications are in the military 
(low-flying planes scanning the terrain 
directly underneath, or searching the 
ocean depths) or in industr>' (quality 
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Figure 1. The utu«l method for producing 
and illutninaling a 3D hologram. 



ACOUSTIC FEEDBACK SUPI>RESSORS 

For all P.A. work — churches, theatres, 
stadiums, conference rooms, audito- 
riums, transportation terminals, etc. — 
available from stock or built to speci- 
fications. Demonstrations — Rentals 
— Sales. Write 

AUDIO INSTRUMENT CO. INC. 
311 Mountain Rd. 
Union City. N. J. 07087 
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control on "semiconductors or welded 
materials, in tires or in molds), the 
everyday consumer will soon be able 
to purchase a home application of laser/ 
holography technology. This is ex- 
pected to be the first consumer product 
utilizing lasers. 

At present, the process will consist 
of producing holograms from ordinary 
film (Figure 4), which in itself means 
that there already exists an almost un- 
limited source of material which can be 
processed for home use in this device. 
Simplified, the recording will be made 
on a material which will be coated with 
photoresist (Figure 5). (If the original 
source is to be a color t.v. camera or 
videotape, the recording will be made 
on regular film using an electron-beam 
recorder with the color encoded on the 
film in vertical stripes with a total fre- 
quency range for black-and-white, red. 





Figure 3. The appearance of a hologram 
with (he indication of 1 micron as the dis- 
tance between the adjacent ridges. 





Figure 4. RCA scientist Robert A. Bartolini 
looks at equipment developed for making 
master holographic tapes for RCA's Selecta- 
Vision process. 
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Figure S. The various 
methods of produc- 
ing holograms. 



OBJECT \U 

LENS 
(A) 



OBJECT 



(B) 

FOURIER TRANSFORM 



IMAGE 



STEP 



UP 



to the finest tape splicing system in the world! 

EDITM 



Order directi Start with the Introductory Editall 
tape splicing kit — the KP-2. Includes splicing 
block, 30 splicing tabs, carbon marking pencil, 
cutting blade and a complete instructional 
guide for better tape splicing. Only $3.50. 
Includes postage and handling. ■'*SS6S&!»- 
// youVe settling tor less than the Editall f-^^ my 

System, you're settling for less than '^^^^tOBOr m 
the best! -^-=- — ^ ' 




Endorsed by Elpa because it successfully meets the stringent stand- 
ards for performance Elpa demands. 

Elpa Marketing Industries, Inc., New Hyde Park, N. Y. 11040 
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FOR EVERY PROFESSIONAL 
APPLICATION 

Ifortronfcs 

heads you right! 




CARTRIDGE MOUMT 



ATC 



COLLINS GATES 
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Best of all, 
you can get them /oca//y from 
your Nortronics distributor. 

Tlortronfcs 

COrs/lPANY, IISIC. 



8101 Tenth Avenue North 
Minneapolis, Minnesota 55427 
Phone: <612) 545 0401 
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and blue of 5 MHz.'l 

This film is then known as the color 
encoded master. Using a laser beam, 
this is then converted to holograms on a 
plastic tapK coated with the photoresist, 
a substance which hardens deiiending 
on the intensity of the incident light. 
This tape is then processed in a chemi- 
cal solvent leaving only the interference 
pattern ridges, and valleys. The proc- 
essed tape, the hologram master, is 
plated with a coating of nickle which, 
when removed from the master, con- 
tains a duplicate impression of the holo- 
grams but with valleys where the ritlges 
were and vice versa. 

This nickle master is then pressed 
through pressure rollers onto a trans- 
parent vinyl tape. This final tape now 
contains impressions identical to the 
hologram master and can be rolled onto 
reels for packaging and sale to the con- 
sumer. The nickle master can make 
thousands of final tapes with no loss of 
quality. (Figure 6 illustrates the total 
process from the original film on the 
left to the color-encoded master, then 
the hologram master, the nickel master 
and finally, on the right, the vinyl 
hologram tape used at home.) The 
tape will be inch wide and 2-mm 
thick and will run at 7^ in. /sec. 

The reconstruction of the viewable 
image will consist of the hologram tape 
moving in front of a low-powered laser 
with the image (Figure 7) being picked 
up by an inexpensive t.v. camera 
(Figure 8). The single vidicon sees 
only encoded messages produced from 
the film by the laser beam and thus 
does not have to be a color unit. How- 
ever, to reproduce the color, the en- 
coding of the vertical lines on the film 
is read by special circuitry' following 
the camera and this image information 
is then sent on to the color t.v. set 
antenna leads through a modulator 
to be reproduced on the screen as 
either black-and-white or color images. 




Figure 5. Production of a holograph from 
Rim, depicted in simplified form. 

The present estimate for the unit 
is a consutner cost of about $400.00 with 
the tapes at about SlO.OO for a half- 
hour program. 

At present, the sources will consist of 
film, slides, videota|3es or photographs. 
Sound has not yet been put on the tape 
but it is thought that an optical track 
may be used. 

The advantages of the over-all sys- 
tem lie in the cartridge tape (permitting 
easy storage and loading into the ma- 
chine), inexpensive tape (the vinyl will 
I* similar to that used to package meat 
and other products found in market dis- 
play cases) and the almost indestructi- 
bility of the tape (holograms have the 
property of producing complete images 
even though a part of the film is physi- 
cally cut out, unlike a photograph, and 
the only loss is in resolution). 

It might be interesting to note that 
the hologram tape does not have 
sprocket holes as does ordinary movie 
film nor does it have frame divisions 
even though the holograms are in the 
same aspect ratio as the original film. 
The tape will be drawn through the 
machine by a inechanism similar to an 
audio or video tape machine. The fact 
tliat frame di\isions are missing means 
that a shutter mechanism as in a film 



Figure 6. The five 
steps that convert 
broadcast-type film 
(at left) to the plas- 
tic tape used in 
Selecta Vision are 
checked by RCA's 
William Hannan. 
Left to right the 
steps are: broadcast 
film, color encoded 
master, hologram 
master, nickel mas- 
ter, plastic tape. 
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Figure 7. A simpliFied reconstruction of an 
image From the hologram tape- 
projector is not needed but tlie pictures 
will still move smoothly from one 
"frame" image to the next without 
llutter. The hologram images actually 
blend or dissolve into the succeeding 
one to present a smooth flow of action. 
This process, therefore, allows the tape 
to be run at any speed (slow or fast 
motion) that is available on the ma- 
chine or even to stop the tape at any 
instant for a study of one frame at a 
time. 

It does not seem that comparison 
to the CBS EVR unit, at the present 
state, is jjossible as the RCA unit will 
have color ca])ahility while the CBS 
unit does not (yet) and also the CBS 
unit seems destined for the university 
or industry application while RCA's is 
for the home. 

Thus, within the next two years or 
so, the consumer will have a home 




Figure 8. The basic elements of RCA's 
Selecta Vision are demonstrated with lab 
elements by Charles Carroll. Directly in 
front of him is a low-power gas laser, sending 
a beam at the tape of a simple tape-transport 
mechanism (left). As the laser passes through 
the tape holograms, it bends part of it into 
the camera where it is deciphered into the 
final images. 

laser hologram device, so soon after the 
discovery of lasers, with which to catch 
up on history or art or sports or space 
films of the past while the t.v. brings 
him more current events on the same 
tube. 



The Citizen Exchange Corps 

An nounces 

A Counterpart Visit to the Soviet Union 

For Recording Engineers and 
Others Interested in the Art and 
Science of Music and Recording 

Dates-April 4 through 25, 1970 

Tlie |)urpose of the trip is to advance the cause of international 
understanding by encouraging members of the recording 
industry to meet, and exchange ideas with, their counter- 
parts in the Soviet Union. 



For further details contact: 



John M. Woratn 
Citizen Exchange Corps 
c/o db Magazine 
980 Old Country Road 
Plainview N. Y. 11803 




UNITED RESEARCH LABORATORY 
AUTO-TEC 

The AUTO-TEC-L Tape Transport was de- 
signed first and foremost to utilize ttie 
massive 2" recording tape for up to twenty- 
four tracks. The AUTO-TEC-L Tape 
Transport incorporates a pair of synchro- 
nous direct drive capstan motors with 
their shaft sizes so arranged, to provide a 
differential closed loop for intimate tape 
to head contact and speed regulation. 
This arrangement yielded a flutter speci- 
fication of OIN .05 percent peak to pea k! 
The huge Transport utilizes the highest 
quality parts available including the mir- 
acle plastic "ML 6 COMPOUND" for its 
pinch rollers. 

The motor function control circuits utilize 
the highest quality poly-phase switching 
relays. The AUTO-TEC-L Transport is very 
well suited for applications where reli- 
ability is a foremost factor. The illumi- 
nated controls are totally interlocked and 
incorporate an electronic motion control 
(pat. pending) with second command 
memory. The ultra precision head as- 
sembly is completely and INSTANTLY IN- 
TERCHANGEABLE without the removal of 
head covers or cable disconnects- The 
AUTO-TEC-S. a smaller identical version 
of AUTO-TEC-L, is available for V*" and 
Yi" tape — also rendering outstanding 
specifications at a price competitive with 
Transports offering single Capstan Tape 
Drive. 

INCORPORATED FEATURES OF THE 
AUTO-TEC-L TRANSPORT . . . 

Dual Closed Loop Capstan Drive 

Pinch Rollers of ML 6— High Coefficient of 
Friction, Plastic-Like Material 

Head Assemblies Instantaneously Change- 
able (plug-in) 

Quick Change Guides 

Electronic Motion Sensing (pat. pending) 

14" Reel Capability 

Super-Heavy Duty Relays 

Illuminated Push Buttons 
Optional . . . 

Logic Input Control 

Tape Position Sensing 

Automatic Reeling to and/or between 
points (as reel to reel Duplicator 
Master) 

AMPLIFIERS . . . 

Programable Automated Remote Overdub 
Control. Prevents out of sync playbacks 
and reoccurring overdub track assignment. 

NAB Equalization 

All Controls of Adjustment, including Rec- 
ord and Reproduce Level, are on one plug- 
in interchangeable Circuit Card, so ar- 
ranged that all controls are screw-driver 
accessible from the front of Amplifier. 
Operational Amplifier Design 
Small Size 

Mill-type A N Connectors 

Cannon Connectors — Input and Output 



AND, OF COURSE . . 
PRICED. 



COMPETITIVELY 



United Research 
l aboratory 

DEVELOPMENT DIVISION OF UNITED RECORDING 
lABS, (NC. 
681 Fifth Avenue* N. Y.. N. Y. 10022 • 
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Tetraphonic Sounc 



JAMES CUNNINGHAM 



Four-channel stereo is now being promoted 

to the consumer/ and it may very well 
catch on, supplanting two-channel stereo. 
This article sets you thinking about the 
right and wrong ways to approach the 
problems of recording to provide a 
proper listener perspective. 



ANECDOTES from the late, great Sir Thomas Beecham 
have always had an arresting effect on musicians. 
There is one that also should have a similar effect 
on engineers. The story goes that on the event of a 
dinner given in his honor and celebrating ten years of record- 
ing for a certain record company, Sir Thomas announced to 
the assembled executives that they had been engaged in a 
"fantastic public swindle" for the past decade and only 
recently did their records even crudely resemble what took 
place in the concert hall. 

If Sir Thomas were alive today and could hear one of 
our modern stereo recordings through today's finest com- 
ponents he would, no doubt, say the same thing. Of course 
everj-one in the audio profession knows that perfect repro- 
duced sound in the home is unattainable. > A photographer 
cannot hope to exactly reproduce a scenic sunset in all its 
surrounding glorj- on an 8 x 10 picture, so he resorts to various 
techniques to capture a feeling of the sunset, similarly the 



James Cunningham is director of research for the 8 Track 
Recording Company located in Chicago, Illinois. As such he 
has been experimenting with four-channel stereo recording for 
some time. 
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audio engineer must use analogous techniques to represent 
the original as he hears it. This is why audio mixing is an art, 
a personal interpretation of reality. Still, an occasional re- 
minder of how far we are from reality is helpful, so that we 
can continue to improve our techniques. 

For more than a decade now, two-channel stereo has been 
with us and extolled as the ultimate in sound reproduction. 
Behind the scenes, however, many engineers have for years 
tried various combinations of multichannel techniques, and 
yet only in recent months has a multi-channel product been 
marketed. There can be no doubt that the audio world 
desperately needs an infusion of excitement such as it had in 
the 1950' s, so let us explore the logic and economics of ex- 
panding the number of channels in a high-fidelity system. 

Why should we need more than two channels when we 
only have two ears? This simple question can perhaps best 
be answered by reviving the old "hole-in-the-wall" theor> 
or explanation of sound reproduction. Suppose we erect a 
typical living room in the center of a large concert hall with 
four sound-proof walls and a ceiling. If we now cut two holes 
in the wall nearest the stage (Figure 1) we will have, at 
first glance, an approximation of today's stereo system. 
The sound emanating from an orchestra on stage will, how- 
ever, never be truly the same inside the living room until we 
have literally removed the walls and ceiling. Since this is 
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Figure 1 . Here it a concert hall with a conventional itereo two-hole 
living room in it. 



Figure 2. The same let-up as in Figure 1, only now the living room 
has four holes. 



obviously impossible, what is the smallest number of holes 
we can cut — and where should they be? 

First, let us examine what is happening to the sound in- 
side the living room. The binaural hearing sense is unable to 
operate properly because the direct sound from the orchestra 
and all of the thousands of reflections from the walls do not 
each come from a diflferent direction as they do in the hall — 
thus not giving our brain the information it needs to sort 
them. Instead all these sounds are more or less mixed up 
and funneled through those two holes in the wall. This eflfect 
would be obvious if you were to make a recording with the 
microphone where you are now (no anechoic chambers, 
please) of someone talking on the other side of the room. 
On playback the recording will sound hollow or boxy and the 
ambient noise in the room will seem to smother some of the 
words. Yet, as you listen to the person talking in the room 
with you none of these things are apparent because your 
binaural hearing sense is operating properly. 

Meanwhile back in our mythical living room there are 
other deleterious conditions. The sound emitted from those 
two holes is bouncing from wall to wall creating a new set of 
reflective patterns and standing waves which interfere with 
what we are trying to hear through the holes. The standing 
waves or room modes tend to upset the directional intensity 
clues from the holes and the reflections tend to mask the 
critical spatial information. In other words, we do not want 
the listening room to have any characteristics of its own or 
contribute anything to the sound, we only want to reproduce 
what is happening out there in the hall. One only has to ex- 
perience the startling effect of stereo outdoors to verify this. 

Since there is no known method of making the walls and 
ceiling of our living room acoustically transparent, we must 
try to improve things by cutting more holes in the walls. 
If we take the stand that the directional information from 
those two holes is adequate but the spatial information is 
poor, then the logical place for two more holes is one in each 
side wall as shown in Figure 2. To test this theory we can 
make an experimental recording by placing microphones at 
the exact spots in the hall where our mythical holes are: then 
in the listening room set up speakers at these locations, 
jl Anyone naive enough to try this will meet with complete 
"e failure because the forward microphones are simply too far 
y from the orchestra to hear the correct ratio of direct-to- 
2 reflected sound. This failure does not, however, invalidate 
the theory, it merely illustrates that cutting four holes in 
the walls is not equivalent to removing the walls and ceiling, 
gj How about eight or even sixteen holes? At the present state 



of technology this would limit the market to eccentric million- 
aires with a penchant for high fidelity, and even then the 
sound would be poor because we still have not overcome all 
the deleterious effects noted above. 

To return to what was said at the outset, a recording is 
a representation of the original. Now, however, perhaps we 
better know what is needed to represent the original. Sup- 
pose, for example, we record two-channel stereo in the usual 
way and simultaneously record two more channels of infor- 
mation which will give the ears reflected sound in such a 
manner that our binaural hearing sense can better function 
in the normal way — to be able to separate the direct and 
reflected sounds which come from different directions. If we 
place the loudspeakers as shown in Figure 3 and supply them 
with the proper information, the results are beyond all ex- 
pectation. The sound is open, the definition is incredible, 
every instrument seems to have "room to breath," and each 
instrumental timbre is so much more faithfully reproduced 
that a switch back to two-channel stereo is a shock, as if one's 
ears suddenly stopped up. 

It is evident from the foregoing, that a two-channel stereo 
recording, no matter how excellently it is done, simply cannot 
supply the listeners' ears with enough information to re- 
create a convincing replica of the original. A time lapse study 
of what happens in a concert hall will explain this. Figure 4 
shows the paths taken by the direct and the first four re- 
flected sounds. Figure 5 shows the time distribution of the 
first-order reflections, six from the six surfaces. If the hall is 
40 X 60 X 100 feet the sixth reflection will arrive at the listen- 
ers' ears about 68 milliseconds after the direct sound. The 
second order reflections, 18 in number, will have arrived by 
102 milliseconds, etc. The 10th order reflections, 402 in num- 
ber, will have arrived by 376 milliseconds.- If we add up all 
the reflections to the 10th order we have over 1,000 reflections 
in the first third of a second! Of course, the intensity of these 
reflections will depend on the absorptivity of the boundary 
surfaces, and if the sound source is periodic we cannot neglect 
the phase relationships. Nevertheless, the complexity of the 
sound field is staggering even for a single sound source, not 
to mention a hundred-piece orchestra. Although the mechan- 
ism of the human binaural hearing sense is not known ex- 
actly, the cocktail-party effect has been noted by many ob- 
servers (this is the facility to supress unwanted sounds — for 
example separating one voice from the din of a cocktail party). 
A person with hearing in only one ear has great difficulty 
hearing in such an environment and yet his hearing appears 
normal in a quiet environment. 
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Figure 3. This is a listening set-up showing speaker placement for 
listening to four-channel stereo. 

This situation is analogous to the concert hail; in any 
reproduction system we must preserve Ihe direclionalily of the 
reflected sound as well as tlie direct souml, so that the ear can 
use its faculty to suppress unwanted soumls. 

The theory of microphone placement up to this day has 
been simply to move the microphones to a location where the 
unwanted souiuls are snpressed by the nature of the pattern 
and |X)sition of the microphone relative to the sonnil source. 
This monaural techni<[ne was transferred to stereo and al- 
though it has been developed to a considerable degree of ex- 
cellence, it involves a number of compromises, and has severe 
limitations. As we expand the number of channels in a 
stereo system to sujiply directional clues to the retlected 
sound we can begin to desert the old techni(|ues of mono 

SOlHld. 

\\ hat we are suggesting here then, is a new method of 
microphone placement together with lotidspeaker placement 
which will come closer than any system heretofore in tise to 
achieving the original sotind field, \lthough a forthcoming 
pai)er will give the details of micro])hone ])laceinent, it is not 
difficult to surmise what contigiirations are possible from 
Figure 3. Just as two-channel stereo micrO])hones are placed 
to give virtual images between channels, thus creating a 
wall-of-soHiid, microphones are placed so channels 1 and 3, 
and 2 and 4 will oi>erate as pairs to give three walls of sound 
thus supplying the needed directionality to the reflected 
sound. In addition, channels 3 and 4 operate as a stereo pair 
to sharpen the directionality of the reflected sound. An analy- 
sis of the sounds reaching the listeners' ears after the direct 
sound reveals 3 high-fidelity rellections picketi up by the 




other three microphones which would correspond to k|, R3, 
and R3 in Figure 5. 

Tliis fact, together with the necessity of liaving a built in 
delay for channels 3 and 4 (due to the Haas effect all the 
sound seems to emerge from channels one and two, the normal 
stereo sjieakers) determines the initial microphone placement. 
Many other factors, such as the cliaracteristics of the hall 
itself, the size of the orchestra, the tyi* of music, etc., will 
influence the final placement. 

The speaker locations shown in Figure 3 were arrived at 
after tests in many typical living rooms, and do not rej^resent 
the ideal location in ever>- room. The speakers could be 
placed in the four corners of the room, for example, but the 
seating arrangement in the vast majority of listening rooms 
probably favor something close to Figure 3. 

When we discovered this phenomenon some eight years 
ago, we called it Tetraphoiiic Sound and set about to market 
it. A demonstration tape was played for an audience includ- 
ing professional audio ])eople, recording company executives, 
musicians, and laymen. The reaction was without exception 
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Figure 4. The paths of direct and several reFlected sounds (not all 
First order) are shown. 
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Figure 5. The time distribution of direct and Rrst-order reflections. 



one of great enthusiasm, much more rewarding than in the 
early days of stereo when we used to have to hit peojile on the 
head with ping-jxjng balls to keep their attention. DilTiculties 
arose, however, which proved insurmountable. There was no 
moderately-priced efiuipment available on which all four 
tracks of a tape could be ]ilayed simultaneously. This rather 
reduces! the chances of anyone marketing the tape recorded in 
Tetra phonic Sound since no one would buy it. This in turn 
disco^iraged manufacturers from marketing the e(iuipment. 
.\nother small deterent was the fact that Telraphonic Sound 
could Only be recorded in certain concert halls, thus outinod- 
ing all the recording studios in the world. This methofi, of 
course, can nol be electronically simulated any more than can 
stereo be made from mono. Methods of suppl>ing auxiliary 
si)eakers with sound derived from various kinds of reverbera- 
tion chambers have been attempted for years with ver>' little 
success. There is, of course, a virgin field here for electronic 
gimickery in the field of pop music, which has, in stereo, 
created its own reality. One hojies, however, the principles 
outlined in this article will not be too flagrently violated. 
This situation is somewhat analagous to that of stereo in tlie 
early 1950's; so just as stereo made its way, slowly and halt- 
ingly, jjerhaps four-channel sound will catch the interest of 
the public giving the audio world a much-needed breath of 
spring. 
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Phono Reproduction 
Preamplifier 



ALLAN P. SMITH 



The author describes two new phono 
preamp cards that have recently been marketed 
as an attempt to achieve the state of the 
art in recovering the information on a disc. 



THE TRANSITION FROM VACUUM-TUBE tO SOli(!-State 
amplifiers has 1)roiight about a significant iinprove- 
inent in the performance of recording and repro- 
<lucing eqiiipnient. Vacuum tubes are high-ini- 
pedance devices, and as such, require particular attention to 
impedance matching for optimum performance. The develop- 
ment of transistor am])hfiers, which are basically low-im- 



Allan P. Smith is a consultant in electroacoiislics operating from 
Maitland, Florida. 
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pet'aiice devices, has often indicated that design techni(iiies 
that were valid for vaciiuin tuhe circuits are l)eiiig applied 
to the liesigii of transistor amplifiers. The result has been the 
failure to take advantage of the improvements otTerecl Ijy 
low-inipt-dance tiansistor design techni<iues. In iiarticnlar, 
the design of modern tiiagnetic phono-cartridge preamplifiers 
is a ty])ical example of vacuuni-tiihe design techniques. 

The majority of magnetic i)liono-cartridge mamifacttirers 
reconimCTid that the nipiit ini]jedance of a magnetic phono- 
cartridge preamplifier he 47, ()()() ohms. In vacutini-tuhe lech- 
nologv, a 47k ohm input impedance was a good match for 
preampliliet inputs. Why is 47k ohms the recommended load 
impwiaiice for a magnetic phono cartridge? Moving-magnet 
phono-cartridge mamifacttirers usually design their cartiiilges 
with as high an impedance as jiossihle, somewhere around 
3k ohms, in order to get greater output voltage than with a 
low-iniixflance design. This impedance, coirhined with the 
capacitance of the calile connecting the cartridge to the pre- 
amplifier and the resonant frecpiency of the cartridge, have 
le<l to the selection of 47k ohms as the reconinieiided load for 
a magnetic phono cartridge. If the resonant frequency of a 
magnetic cartridge is l.S kHz and a long connecting cable is 
used to the preamplifier, the resulting resonant fre(|uency may 
lie redncifl to 8 kHz or so unless the resonant frecpiency is 
dampe<i In the high impe<lanceof the phono preaiii]) inpur. 

The use of high-inipc<laiice coils within the magnetic 
cartridge or in some Cases where a step-up transformer is 
used to achieve the high impedance, cartridge performance is 
significantly rediici'd by the frequency discrimination, |ihase 
shift, ambient iiick-ii]), and impedance limitations of the coil 
configuration. Also the signal-to-ivoise ratio of the input stage 
of the preani])lifier is a contributing factor to the final i)er- 
forinaiice of the cartridge-pream])lirier condiination. Tlie 
effective impedance of the cartridge at a specific fre(|uency 
and the in])Ut impedance of the preamplifier in parallel com- 
bine to jiroduce a theoretical limitation on signal-to-noise 
[lerformance of the pream])lifier. The thermal noise ])roduced 
by a resistor which is e(|iial to the parallel combination of the 
cartridge ini])i'flaiice and the preampifiler input impedance 
indicates the niaximiini theoretical signal-to-noise ratio that 
the preamplifier is capable of ])rodncing. For this initial 
consideration, we shall neglect theelTect of the RIAA equaliza- 
tion network on ])ream])lirier noise. The low frefpiency boost 
of the equalization network will inlluence the final signal-to- 
noise iierformance of the jireamplifier, but for the purpose of 
discussing the effect of input ini|)edance on noise, we can 
neglect it. The following etjiiation is generally i!se<l for the 
computation of thermal noise:' 

E! = 4kTRR 

where k = Boltzman's constant = 1.374 x 10"^' joules 
per °K 

T = Absolute Temjieratiire in °\\ 
H = -3 dH. baiulwidth 
R = Equivalent resistance 



If we sidistitute the value for k in the etjiiation, substitute 
2Q()° for K and use a bandwidth of 20 kl Iz we arrive at the 
following form: 

£2 = 3.188 X 10-'6x U 



If we insert the value of 3,()(M) ohms for the ef|uivalent im- 
pedance of the cartridge, we arrive at the following: 
£2 = 9.564 X 10-" 
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SMITH FIG, I 

Fisure 1. The preamplifier wirins diisram (oi a two-conductor 
wiling configuration. 

Taking the square root of this value, we arrive at the 
theoretical thermal noise \'oltage for an impedance of .^.(KK) 
ohms which is: 

E = 0.98 microvolts 

N'ow let us consider the theoretical thermal noise voltage 
developed across a 2-ohm resistor. 
Again we use the formula 
E2 = 3.188 X lO-'« X R 
Inserting the value of 2 ohms for R, we get 
E2 = 6.376 X 10-'« 

Taking the square root of this value, we arrive at the 
theoretical thermal noise voltage for an impedance of 2 ohms, 
which is: 

E — 0.02 microvolts 

The Ortofon SL-15 magnetic phono cartridge, a moving- 
coil cartridge, has an impedance of 2 ohms and is supplied 
with an external siep-u]) transformer with a IS k-ohm output 
im])edance. The phono preamplifier described in this article 
was designed to take advantage of the performance improve- 
ments olTered In a magnetic cartridge with a 2-ohm im- 
liedance. This condiination of a 2-ohm cartridge impedance 
])lus low preamplifier impedance (3 ohms) will reduce the 

LEFJ_CHANNEL 
|. POWER 




I RIGHT 

LCHANNEL 

POWER AMPLIFIER 

SMITH FIG.2 



Figure 2. Stereo preamplifier wiring for a single-conductor wiring 
configuration. 
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ambient hum pickup and capacitive high-frequenc>' attenua- 
tion found in normal high-imp>edance shielded cable connec- 
tions by more than two orders of magnitude, or greater than 
20 dB! 

Typical common-emitter amplifier input circuits exhibit 
lowest noise at an input impedance of between 10k and 15k 
ohms. The design of the amplifier discussed here exhibits 
lowest noise at a 0-ohm input impedance. Without equaliza- 
tion, the preamplifier is capable of a frequency response 
within 0.1 dB, 10 Hz to 300 kHz and distortion below most 
test oscillators. 

The SL-15 cartridge with its 2-ohm output produces an 
output level on the order of —80 dBm for a cartridge input 
of 5 cm./sec. lateral recorded velocity. The low output im- 
pedance of the cartridge assures that long shielded cable 
lengths to connecting equipment may be used without the 
ambient hum pickup or high-frequency capacitive attenua- 
tion associated with high-impedance cartridges. (However, 
normal precautions of keeping the cartridge and wiring out 
of hum fields produced by power transformers and motors 
must still be observed for proper operation.) 

Because of the extremely wide bandwidth of the pre- 
amplifier, proper attention to the elimination of ground 
loops in the interconnection of the preamplifier with asso- 
ciated equipment will assure optimum ojjeration. The crea- 
tion of ground loops in either the input or the output circuits 
of the preamplifier will cause transients and/or oscillation 
that may damage other equipment such as high frequency 
loudspeakers. Figure 1 shows the wiring diagram for a 
single-channel preamplifier for the two-conductor wiring con- 
figuration. The Spectra-Sonics model 104 phono preamplifier 
card provides 40 dB. of gain in addition to the required RIAA 
phono equalization. The model 101 preamplifier card, which 
is similar to the model 104 card, except that it does not 
provide equalization, is normally supplied with a 10.7 k-ohm 
resistor for 40 dB of gain. Replacing the 10.7k-ohm resistor 
with a 20k-ohm low-noise resistor raises the gain of the 
Model 101 preamp card to 45 dB. The combination of one 
model 104 preamp card and one model 101 preamp card 
provide a combined system output of -|-5 dBm for a cartridge 
input of 5 cm./sec. lateral recorded velocity. 

The printed-circuit card connector for the model 104 
preamp card must be of the bifurcated contact type (Viking 
2VK10S/2-2, or equivalent). Bifurcated contact edge con- 
nectors must be used for positive dry-circuit contact because 
of the extremely wide bandwidth and low-level signals 
being amplified, high-frequency grounding at the signal input 



Tl Dl 




Figure 3. A power supply for the preamps described. The com- 
ponents «re listed in T«ble 1 . 



negative terminal must be effective. The input capacitor 
shown in Figure 1 should be a 0.47 mFd, 10-V ceramic 
capacitor with very short leads to the closest chassis ground 
for effective high-frequency grounding. 

When a dual-channel power amplifier is to be used with 
this preamplifier, the single-conductor shielded-cable con- 
figuration as shown in Figure 2 is recommended. This con- 
figuration is used when the preamplifier is connected directly 
to the power amplifier without a transformer coupled input. 
The shield must not be grounded at the power amplifier and 
must be disconnected when standard prewired phono jacks 
are used. The complete wiring configuration for a stereo 
playback system is shown in this figure. The capacitors 
(0.47 mFd, 10-V ceramic) are required for high-frequency 
grounding. Whenever there are two separate power amplifiers 
not electrically connected, each power-amplifier system 
ground must be connected by a separate ground return to the 
preamplifier ground plane. If two separate power amplifiers 
are mounted in the same equipment rack or if the separate 
power amplifiers have three-wire power cords and are con- 
nected to the same power-line circuit, there will be a ground 
loop and care must be exercised against the development of 
ground loops in this manner. 

If the SL-15 cartridge is to be mounted in a record changer, 
an inspection of the changer's muting switch should be made. 
The shorting of the cartridge leads by the muting switch 
during the change cycle of the record changer will cause severe 
transients to be developed. Thus, the muting switch must be 
byjiassed. 

Power for the phono-preamplifier system is supplied by the 
power supply shown in Figure 3. This power supply is ex- 
tremely well regulated and provides the filtering and regula- 
tion required for the preamplifiers. The parts list for the 
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Figure 4. Equalization of the Model 104 phono amplifier. 
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Figure 5. Combined t.h.d. and noise of the preamplifier without 
feedback. 
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Figure 6. The Model 104 phono preampliFier card. 
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Figure 7. The Model 101 phono preampliFier card. 



power supply is shown in Tvble 1, 

The ])hono ])reamplifier described in this article sounds im- 
pressively good. First demonstrated at the spring Audio 
Engineering Society Convention held in Holl>wood, Cali- 
fornia in May 1969, this preamplifier system, when used with 
power amplifiers and loudspeaker systems of the finest quality, 
demonstrates that there is nnisical information on phono- 
graph records which has not heen heard before. The frequency 
response of the preamplifier systein is shown in Figure 4. 
Unlike other preamplifiers, the low-frequency resixjnse of the 
preamplifier extends down below 10 Hz. When used with 
(|uality turntables with low-runihle characteristics and wide- 
range loudspeaker systems, this system brings out low- 
frequency i)rogram material with clarity and -definition that 
is missing in other reproduction systems. 

Because of the KIA.\ equalization characteristic which 
provides considerable low-freciuency boost, conventional 
signal-to-noise measurements are meaningless. As demon- 
strated at the AES convention, the true test of low-noise per- 
formance is to play a teconling of mint condition with known 
low surface noise and listen to the surface noise between 
selections on the record. Then place the stylus of the cartridge 
on the record label and one will find that the noise of the 
preamplifier system is significantly below the surface noise 
on the finest quality <lisc recordings. 



II 



PARTS LIST FOR POWER SUPPLY 

C, = loot) MFD, 50 y Electrolytic Capacitor 

Cs = .001 MFD, 50 \' Mylar Capacitor 

Ca = .05 MFD, 50 V Mylar Capacitor 

Di-Di = International Rectifier 10D2 or Equivalent 

Silicon Diode I4 Ampere, 100 V. 
D5,D« = 6.2 V Zener Diode, h W. 10%, IR IN70Q or 

E(|uivalent 
Qi = 2N4248 Transistor 

Q, = 40389 Transistor (RC.\) or 2N3053 Transistor 
with Heat Sink 

Q3 = 2N3566 Transistor, Fairchild, CDC or Equiva- 
lent 

= 2K3566 Transistor or 2Nl7ll 
Ri = Ik ohms, !^ w. 5% composition resistor 
R2 = 510 ohms, 5% composition resistor 

R3 — 13k ohms, I-2 w. 1% low noise metal film resistor 
Ri = 5.1k ohms, J-'2 1% 1°^' noise metal film 
resistor 

T, = 26.8 VCT secondary @ 1 Amp., Triad F40X 
or Equivalent 



Distortion measurements on the preamplifier are likewise 
complicated by the equalization curve with its high-frequency 
roll-off and low-frequency boost. Since the equalization net- 
work is used as the feedback element in the model 104 ])re- 
ani]ilifier, removal of the network will render the preami^Iifier 
without any feedback indicating the worst-case condition 
for measurements. \\ ith the feedback network connected, 
even at the lowest frequency of bass boost where fee<lback is 
at its minimum value, there will be less distortion than with 
the feedback network disconnected. Total harmonic distor- 
tion nieasiErements of the preamplifier were made with the 
feedback network disconnected and the results are shown in 
FiGUHE 5. At maxiniiun outinit before clip])ing (+18 dlim) 
the total harmonic distortion produced by the model 104 
phono preamplifier card is less than the residtial test equip- 
ment distortion. Considering that in typical Ojjeration the 
typical output level of the model 104 card is approximately 
— 40 (IBm, the preamplifier has 58 dl? of overload margin 
before distortion occtirs. The model 101 preamplifier card is 
i<lentlcal in performance to the model 104 phono preamplifier 
card though it lacks the Model 104 card's network for RIAA 
equalization ai>d input filter to minimize ratlio-freciuency in- 
terference pickup. The intermodulation distortion of the 
model 104 iihoiio preamplifier card is also less than test- 
equipment distortion or under 0.02 i^er cent. 

The preamplifier cards used in this article are available 
from the manufacturer, Spectra Sonics, 770 Wall Avenue, 
Og<len, Utah 84404. The model 104 jihono preamplifier card 
is shown in Figitke 6 and currently lists for $72.00. The 
model 101 preamplifier card is shown in Figure 7 and cur- 
rently lists for $69.00. The Viking printed-circuit card con- 
nectors are available as the model 230 and list for S2.14 each. 
The preamplifier cards measure 2^ iji. x 5 in. x in. and 
\veigh 2 ounces each. 

The coiuplete preamplifier system described in this article 
is soon to be released as a stereo phono preamplifier with 
self-contained power supply and using the single-conductor 
wiring configuration. It will be designated as the model 105. 



Table 1. The components used in the schematic shown in Figure 3. 

k www.americanradlohistorv.com 



REFERENCE 

'M. C. Sprinkle, The Ultimate Noise, db Magazine, Vol. 3, 
No. 6, pp. 23-27. 

ACKNOWLEDGEMENT 

The writer wishes to acknowledge the photographs used in 
Figures 6 and 7 as supplied by Mr. William G. Dilley, Spectra 
Sonics, Ogden, Utah. 



O- 

cr 

C3 



3 

a- 



■o 
•o 



umination Noise Contro 



MICHAEL REHINGER 



Now that consoles and recorders are approaching 
theoretical limits of signal-to-noise, other noise-producing 
elements in the studio begin to become objectionable. 



THE AMBIENT NOISE in a sound recording studio is. 
\'er)' often the most significant factor in determining 
the lower signal limit for recording or reproduction. 
The internal noises of the equipment — thermal 
agitation of the atoms in the components, thermal agitation 
of the electrons in the conductors, transistor or vacuum-tube 
hiss, etc. — may lie far below the acoustic disturbances origi- 
nating in the studio. Of these, lamp noise frequentl)- assumes 
a major portion in the noise of the system. It is the purpose 
of the following to describe the noise produced by various 
sources of illumination, and to offer ways and means for re- 
ducing this unwanted sound. 

FLUORESCENT LIGHTS 

Fluorescent lighting of offices, studios, classrooms, etc., is 
becoming ever more prevalent. The reasons are: greater 
illumination efficiency, providing from three to four times 
as much light per watt as heated-filament lamps; cooler 
operating temperature, which together with the lower power 
consumption makes for less heat in the room; from three to 
four times longer life than incandescent lamps; and a more 
desirable distribution of light in the form of an elongated 
source — line of light — which tends to avoid shadows. 

As with so many other technical advances, however, there 
are also some disadvantages connected with fluorescent lights, 
the chief of which is the noise radiated by the luminaire 
(representing lamp) housing, reflector, and ballast. Fluores- 
cent light is produced by electric discharge lamps, in which 
electricity is periodically passed through a gas or metallic 
vapor. So-called ballasts — inductances or coils with iron 
cores — are placed in series with the lamps to stabilize them. 
These units, together with the lamp vibrations, make for an 
extended and conglomerate source of noise of many fre- 
quencies. Some of the components are harmonics of the 
alternating-current frequency and are produced by the non- 
sinusoidal flux in the ballasts, while others are resonant fre- 
quencies of the sheet-metal reflectors and the lamps them- 
selves. 

Most attempts to quiet the ballasts by electrical and mag- 
netic means tend to be makeshifts, temporary and unreliable 
expedients. The best means for reducing fluorescent lighting 
noise consists in locating the ballasts outside the room in 
which fluorescent lighting is employed, in such places as 
adjoining hallways, closets, attics, etc. It is not an inexpen- 
sive means, since it involves separate conduits with a four- 
wire cable between the luminaires and the ballast housings, 
but it is highly reliable and certain to produce the desired 
results of quietude. In my experience many fluorescent-light 

Michael Reltinger is a constdtarU on acoustics. He has written 
fi.any articles and books nn the subject. 



noise-control devices, such as non-metallic fillers in the air 
gaps of the ballast cores, rubber or Xeoprene shock isolators 
in the ballast de|)ositories of the fluorescent lighting re- 
flectors, air gaps in the ballast cores which are centrally 
located to avoid stray flux, etc., have not at all proven 
equivalent in noise control to remotely located ballasts. 

INCANDESCENT LIGHTS 

For television and motion-picture film work, incandescent 
lights are generally preferred over both fluorescent and 
carbon-arc lighting. The reason is that now, with tungsten- 
halogen (formerly called quartz-iodine)lamps generally avail- 
able, long-life filament sources of light can be had with high 
light output of desirable color temperature and relatively 
small weight. .Also, they may be operated satisfactorily with 
alternating current, unlike carbon-arcs, which generally 
require direct-current power. However, when lighting load 
in a studio reaches, say, 20,000 watts of alternating current 
power, both the magnetic flux about the lights and the large 
air-conditioning system required to remove the heat from 
the room may present sources of noise for sound pick-up. 
One protection against hum generation in the microphone 
consists in covering the transducer with a perforated iron 
screen, to act as a magnetic shunt for the flux, so that it may 
not penetrate the air-gap of the moving element. Another 
means consists in the use of a dip filter in the electronic cir- 
cuit. 

This article is not well suited to describe in detail the many 
ways and means available to provide a quiet air-conditioning 
system, or even how to describe the f)erformance specifica- 
tions of a quiet system, for the required pages would be far 
too many. For an extensive analysis of the system, the 
reader is referred to one of my books'. It will be noted here 
only that, by far, the best means consists in employing a 
system with low jet velocities (no more than 500 ft./min.). 
This means, of course, large ducts and large or many outlets 
in the studio. An alternative consists in turning the system 
off during a recording. 

CARBON ARCS 

This type of lighting is used in motion-picture studios. Even 
there, it is increasingly being supplanted by lighter tungsten- 
halogen lamps. Carbon arcs often generate a high-frequency 
hiss or buzz, and amelioration generally consists in keeping 
the microphones as far away as possible from these lights, 
employing a frequency selection filter, or a combination of 
the two expedients. 

•M. Rettinger, Acoustics — Room Design and Noise Control, 
Chemical Publishing Co., 200 Park Ave. South, New York, 
N. Y. 10003. 
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Lesson Number 11 




Would you pass? 

Today's lesson is on respondijig to opening bids of one-off-a-suit. 

Cover the box below with a sheet of paper so you won't see the answers 
to the questions until you've come up v.i^h your Own answers. 

You held the hand i.i the photograph. 

Your partner has opened the bidding with (1 



Wtiat do you bid? 

i 



Pass 
READ A 



1 Lt 

Pass) 
READ B 



I 



2 NT 

(J iVD 



What do you re-bid? What do you re-bid? 



Pass 
READ C 



3 Irr 

(Pass) 
READ D 



4* 

AD E 



(Pass) 
RE - 



Pass 
READ F 



(Pass) 
READ G 



A) You can't pass with a hand that strong 
B) 



Your response shows 6-9 high-card points and Is not forcing* 
You have enough for game; don't stop now. 
This Is game, but the wrong one. You found a heart fit — 
tiiat's your spot. 

E) Correct bidding. Congratulations, 

F) Wrong game. Your 2 NT response is to blame. You can get to 
no-trump later if that's right, but first you should show your 
good heart suit, 

G) You should have bid 2V in the first place, because now you 
really took a stab In the dark by bidding 4*. This time you were 
lucky 4V is the right contract. But what If partner had no 
heart support for you? 



The coinments about your bidding 
were from Charles Goren. His com- 
ments and the lesson were taken from 
a revolutionary new system for teach- 
ing better bridge: Bric/geveryone. 

What makes il unique? 

Br/dgeveryone is based on a very 
simple principle: the only way to learn 
to play better bridge is to play better 
bridge as you learn. 

So Bridgeveryone starts you off with 
Charles Goren, America's master player 
and teacher, practically coaching over 
your shoulder. He supervised prepara- 
tion of all the lessons and he com- 
ments on all your play. He teaches you 
to tell right from wrong in every lesson. 
So when you make a mistake, you'll 
know why. And won't repeat it. 

Br/dgeveryone puts cards in your 
hand. 



From the first lesson on, you play a real game 
of bridge with real cards. Alone or with friends- 
It's all made possible by an ingenious device 
called the "Aufomotic Dealer^'*" that takes the 
Bn'dgeveryone cards and deals out four hands 
— automatically in 40 different pre-pro- 
grammed games. 

It sets up over 2000 real situations that you 
can run into at the bridge table. And with 
Charles Goren's help, you solve them all. 

(About the only thing the "Automof/c Deafer" 
can't teach you is how to shuffle.) 

By the time you've finished the lessons, you'll 
have a sounder game and play better bridge 
than 90% of those playing now. 

Whof you gef for your money. 

Br/dgeveryone includes the "Automatic Dealer"; 
two decks of Br/dgeveryone playing cards; the 
most complete bridge reference source book 
you'll ever need (including a history of the 
game and the Complete Laws of Bridge) and 
18 bridge lessons with Charles Goren (including 
a special introduction for beginners). 

The lessons take you from opening bid to 
final trick. From the elements of bidding to the 
complexities of signaling. But it's never over 
your head because you learn at your own 
speed. 

Br/dgeveryone can teach from one to four 
people at a time ... so you don't have to learn 
alone. And you don't have to be a beginner to 
benefit from it. The instruction becomes subtle 
and complex enough so that even an old hand 
can learn some new tricky. 
The money it takes to get Bridgeveryone. 

The cost complete — is $29.95 (plus tax 
where applicable). 

Is it worth it? 

Alan Truscott in "The New York Times" had 
this to say: "Br/dgeveryone is an ingenious de- 
vice that provides a comprehensive bridge 
course . . . The product retails at $29.95, which 
is substantial. But it provides the equivalent of 
o course from an expert teocher thot would 
cost considerably more." 

As for Charles Goren, expert teocher: "Al- 
though I've been playing and teaching bridge 
for over thirty-five years, Br/dgeveryone is the 
most unique bridge-teaching system yet. The 
ability to learn bridge by playing bridge with 
the "Autor>iat/c Dealer' is the greatest bridge- 
teaching breakthrough I've ever seen." 

Use the handy coupon. Full satisfaction is 
guaranteed or your money will be refunded. 



TO: TIMEKEEPER 



I 
I 

P. O. Box 762 I 
Mineola, N. Y. 11501 I 
Enclosed is a check for $ Please send sets of the I 

Bridgeveryone Bridge course at $29.95 each. Shipping co,3ts: add 75c | 
regardless of quantity. | 

Name. Company v. j 

Address .- ! 

City State 

(New York State residents must add 5% sales tax) 



Zip... 
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Picture Gallery 37th AES 
Convention 

THE BIGGEST YET of tlie AES Convciitions and Exhi- 
bitions was lield on October 13 tlirougli the 16, 1969 
at the New York Hilton. Space does not permit us 
to show all the bootlis and new equipment dis- 
played by the nearly sixty manufacturers that set up in the 
Hilton's Rhinelander Gallery, so we have selected liiglilights 
that were found by our peripatetic camera. 
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gauss electrophysics 




Gauss Electrophysics 




Pdrasound, Inc. 





United Recordin3 




Melcor Electronics 



URL, Auto-Tec 
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Stanton Magnetics 




MRS 





Philips Audio-Noreico 



Telex writes 
new specs 
on sensitivity 
and ruggedness 
in headphones. 





the Communicator Series 

HIGH SENSITIVITY AND LOW OPERATING 
POWER. The new Communicator Series of 
headphones Is designed around a dramatic 
new driver unit that requires only absolute 
minimal operating power. This added effi- 
ciency allows for a substantial increase In 
sensitivity without any increase in distorlion, 
making the Communicator Series the most 
sensitive and versatile headphones available 
today. 

RUGGED. CONSISTENT PERFORMANCE. Un- 
like the soft aluminum or paper cones in 
most of today's headphones, the Communi- 
cator's rugged new cone is made of special 
material that will provide peak performance 
without being affected by temperature or 
humidity. This means that you get consistent, 
high quality performance, day in and day out, 
under the most demanding communications 
conditions. 

For more information on Telex's new Com- 
municator headphones, contact your near- 
est Telex dealer or write. 



PPPr>MCTB SOUND n*aEanr-H 

TELEX. 

CC3M fvt UN I C A T I o^J• O ■ 1/ ■ s ■ o M 

9600 Aldrich Avenue South 
Minneapolis. Minnesota S5420 



Circle 29 on Reader Service Card 




a. 
<r 

d 
r> 
n 

3 

cr 



■o 



www.americanradiohistorv.com 




CONSOLES 

WCORPORATiOf 




Electrodyne Corp. had 24 tracks feady (or delivery to a New York 
Studio. Circle 97 on Reader Service Card. 




Automated Processes eisht-track recording/mixins desk. Circle 99 
on Reader Service Card. 




Suburban Sound's eight-track console assembly. Circle 98 on 
Reader Service Card, 






Fairchild has a new portable mixing desk that offers 16 channels you 
can take with you. Circle 95 on Reader Service Card. 



Gotham Audio showed a group of compact Swiss-made Studer 
mixing desks. Peak level meters are used. Circle 96 on Reader 
Service Card. 




RCA has Pointon faders on their consoles, along with a highly 
layout. Circle 94 on Reader Service Card. 



TAPE RECORDERS 




Ampex 
loop of 



showed a high-speed master duplicator that uses an endless 
tape for production. Circle 90 on Reader Service Card. 
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Vsjij Electronics is offering a four-track half-inch machine. Circle 
93 on Reader Service Card. 



1 



.1 ■ - 



Gsuss sixJeen-Jrack, two-inch machines with focused-gap heads. 
Delivery will be in early 1970. Circle 91 on Reader Service Card. 



EQUIPMENT 




(Creatronics has a two-chanel limiter with selectable release time 
from 0.05 to 0.8. Circle 88 on Reader Service Card. 



Shure offers its Vocal Master series of amplifier/mixers for the port- 
able and music fields. Circle 85 on Reader Service Card, 




Genera/ R^dio offers complete audio measuring systems for develop- 
ment and maintenance work. Circle 89 on Reader Service Card. 




DufCane has its Varacouslics system for the control of acoustics in 
sound-reinforcement. Circle 86 on Reader Service Card. 



* : 

* : 

* ; 

* : 

The Spectra Sonics Complimiter combines compressor and limiter 
functions with complete control adjustment. Circle 87 on Reader 
Service Card. 
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As 4 service to our readers we are pleased 
to offer these books from prominent tech- 
nical publishers. All prices listed are the 
publishers' net. Shipping charges are 
included. 

Use die coupon at the bottom of the page 
or give the complete title, author and coupon 
number. Be sure to indicate quantity on the 
special instructions line if more than one 
copy of a title is wanted. Full payment must 
accompany your order. We cannot ship 
c.o.d. Checks or money orders should be 
made payable to Sagamore Publishing Com- 
pany, Inc. Because of the time required to 
process orders, allow several weeks for the 
receipt of boob. 



Broadcasting 

RADIO BROADCASTING 

edited by Robert L. Milliard. Each of the five 
chapters has been written by a prominent 
educator with an extensive background of 
practical experience in commercial and edu- 
cational broadcasting The areas covered in- 
clude: management and programming, oper- 
ating and studio facilities, producing and di- 
recting, writing, performing. For those of you 
who want to, or must, operate on both sides 
of the control room, this is virtually required 
reading. 190 pages; 6Ji x 9H/ indexed) 
cloth bound. 

$6.95 ($8.35 in Canada) 
Circle 2 on Coupon Below 



Reference 

New 1 7lh Edition of the famoui 
RADIO HANDBOOK 

Tells how to design, build and operate the 
latest types of amateur transmitters, receiv- 
ers, transceivers, amplifiers and test equip- 

m?n!. Providei tidensivs, simplified theory 
Cm pr-icticaliy every phast of radio. Broad 
coverage^ 4II orisinal dldts, up to date, com- 
plete, 047 pflipS- 
iH 95 (i15.501nC>[Hd*) 
C\te\t id ■on Cpwpcn B*low 



How To 

PRACTICAL PA GUIDEBOOK; HOW 
TO INSTALL, OPERATE AND SERVICE 
PUBLIC ADDRESS SYSTEMS 

by Norman H. Crowhurst. 1967. This book 
gives all the basics needed to become a suc- 
cessful PA operator, in any situation where 
the reinforcement, relay, or distribution of 
sound can provide a service. It shows how to 
properly install, operate and service public 
address systems. All aspects of the subject, 
from survey to the selection of appropriate 
equipment, to installation, to routine opera- 
tion and the maintenance of a finished sys- 
tem, are covered. Attention is given to solv- 
ing problems encountered in providing suc- 
cessful service. The book's systematic and 
practical approach makes it highly useful to 
radio-TV servicemen, hobbyists, and PA 
equipment manufacturers. 136 pages; 6x9; 
illus; softbound. 
S3.95 ($4.60 in Canada) 
Circle 1 5 on Coupon B*low 



CLOSED-CIRCUIT 
TELEVISION HANDBOOK 
by Leon Wortman. Gives comprehensive 
detailed information about the field in an 
easy-to-understand presentation. It's par- 
ticularly Suited to those who plan to use, 
install, and service cctv. Covers the subject 
from the simple single-camera system to the 
most exotic systems. 288 pages; x BYsi 
cloth bound. 

$7.95 ($9.50 in Canada) 
Circle 18 on Coupon Below 



Electronic Music 

ELECTRONIC MUSICAL INSTRUMENTS 
by Richard H. Doif. Now in its third edition 
and sixth printing since its first appearance 
in 1954, this is considered the authority on 
electronic organs. This edition is completely 
rewritten to explain everything technical 
about today's organs. The book is of special 
value to organ designers and service tech- 
nicians as well as electronics-minded hobby- 
ists and prospective organ purchasers. Of 
special value are the author's many practical 
comments and expressions of opinion based 
on his years of musical, engineering, and 
management experience with electronic 
musical instruments. 393 pages; S39 dia- 
grams and photographs. 
$10.00 ($11.95 in Canada) 
Circle 19 on Coupon Below 



Genera/ Audio 

THE TECHNIQUE OF 
THE SOUND STUDIO 
by Alec Nisbett. This is a handbook on radio 
and recording techniques, but the principles 
described are equally applicable to film and 
television sound It describes how the high- 
est standards may be achieved not only in 
the elaborately equipped studio but also 
with simple equipment out on location. 264 
pages; 60 diagrams; glossary; indexed) 
X SH; clothbound. 
$10.50 ($11.95 in Canada) 
Circle 1 on Coupon Below 



DESIGN OF LOW-NOISE 
TRANSISTOR INPUT CIRCUITS 
by William A. Rhelnfelder. 1964. Written 
for students as well as circuit design engi- 
neers interested in low-noise circuit design. 
Throughout, the book gives a multitude of 
time-saving graphs and design curves for the 
practical circuit designer. Simple derivations 
of all important formulas are also presented 
to help the reader obtain a deeper insight 
into the fundamentals of practical low-noise 
design. 128 pages; 6x9; illus.; clothbound. 
$5.50 ($6.50 in Canada) 
Circle 14 on Coupon Below 



NEWI 

THE AUDIO CYCLOPEDIA 
(Snd EDITION) 

by Dr. Howard M. Tremaine. New and 
updated, here is the complete audio refer- 
ence library in a single volume. It provides 
the most comprehensive information on 
every aspect of the audio art. This new 
edition includes the latest audio develop- 
ments including the most recent solid-state 
systems and integrated circuits. It covers all 
subjects in the fields of acoustics, recording, 
and reproduction with more than 3400 
related topics. Each topic can be instantly 
located by a unique index and reference 
system. More than 1600 illustrations and 
schematics help make complicated topics 
masterpieces of clarity. 1760 pages; 6</s x 
9-3/8; hardbound. 
$29.95 ($35.95 in Canada) 
Circle 20 on Coupon Below 



ACOUSTICS— ROOM DESIGN 
AND NOISE CONTROL 
by Michael Rettinger. 1968. The enormous 
problems and hazards presented by noise 
are dealt within an orderly and practical 
manner. With many charts, graphs, and 
practical examples, the text covers the 
physics of sound, room acoustics, and de- 
sign, noise and noise reduction. The author's 
many years of experience in the field and 
extensive knowledge (set down in two 
earlier books on acoustics) make this work 
a boon to architects, builders, designers, 
planners, and engineers. 392 pages; hard- 
bound. 

$17.50 ($20.90 in Canada) 
Circle 21 on Coupon Below 
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HANDBOOK OF ELECTRONIC TABLES 
« FORMULAS, (3rd Edition) 
A one-stop source for «ll charts, tables, For- 
mulas, laws, symbols, and standards used in 
electronics. Devotes complete sections to 
items of interest to service technicians and to 
circuit design data. Includes a S-page, full- 
color fold-out chart showing latest FCC allo- 
cations For the entire Frequency spectrum, 
S32 pages; 5H x 8H; hardbound. 
SS.SO (S6.60 in Canada) 
Circle 8 on Coupon Below 



Test and Maintenance 

INTERMODULATION AND 
HARMONIC DISTORTION 
HANDBOOK 

by Howard M. Tremaine. A complete refer- 
ence guidebook on audio signal intermodu- 
lation and harraonic distortion, 172 pages; 
5H X SH, softbound. 
S4.95 (S5.S5 in Canada) 
Circle 9 on Coupon Below 



Circuitry and Components 

PASSIVE AUDIO NETWORK DESIGN 

by Howard M. Tremaine, A complete and 
comprehensive guide to the design, con- 
struction, and testing oF all types oF attenu- 
ators, equalizers, and wave filters for the 
practicing audio technician or engineer. This 
authoritative text is one of the Few written 
on the subject, and requires only nominal 
mathematical background. Written in easy- 
to-understand language, the content presents 
the basic design, construction, and testing 
considerations without the confusion often 
associated with passive networks. S88 pages; 
5H X Biii softbound. 
$5.50 (S6.45 in Canada) 
Circle 5 on Coupon Below 

TRANSISTORS FOR AUDIO 
FREQUENCY (AUDIO-FREQUENCY 
AMPLIFICATION) 

by Guy Fontaine. 1967. This systematic and 
detailed treatment of the application of tran- 
sistors in audio-frequency amplifiers shows 
how the published transistor characteristics 
are related to the principles of design. To as- 
sure clarity, the figures are rendered in sev- 
eral colors and placed opposite the related 
text. Simple equations reinforce the lucid ap- 
proach. An ideal textbook or reference on the 
subject For engineers and advanced techni- 
cians. 384 pages; 5H x 8; illus.; clothbound. 
S7.95 (S9.55 in Canada) 
Circle IS on Coupon Below 

ACOUSTICAL TESTS 
AND MEASUREMENTS 
by Don Dawi, Provides a solid understand- 
ing of the entire subject of acoustical meas- 
urements; based on actual field test work, 
using commercial equipment. Contains prac- 
tical, time-saving solutions to actual problems 
encountered in the field; minimum math is re- 
quired For understanding. The author is an 
expert in this field, and an authority on audi- 
torium acoustics. An invaluable book For 
phone company special service engineers, 
plant maintenance engineers, communica- 
tions engineers, noise control specialists, ar- 
chitectural engineers, broadcast engineers 
and technicians, hi-fi Fans and students. 192 
pages; 5J4 x 8Ji; hardbound. 
$6.95 ($8.35 in Canada) 
Circle 7 on Coupon Below 



Classified 



Closing date is the fiFteenth of the second 
month preceding the date of issue. Send 
copy to: 

Classified Ad Dept. 
db 

THE SOUND ENGINEERING MAGAZINE 

980 Old Country Road 

Plai nview. New York 11803 

Rates are 50c a word for commercial adver- 
tisements. Non-commercial and employment 
offered or wanted placements are accepted 
at 25c per word. 



FOR SALE 



SCULLY TAPE RECORDERS — one to 
twenty-four track and model 270auto players, 
many models in stock For immediate delivery. 
SCULLY LATHES — Previously owned and 
rebuilt. Variable or automatic pitch. Com- 
plete cutting systems with Westrex heads. 
MIXING CONSOLES — Custom designed 
using Wiegand Audio Lab modules. From 
$7,000.00. Wiegand Audio Laboratories, 
340S Windsor Road, Wall, New Jersey 
07719. Phone: 901 681-6443. 



SOLID-STATE AUDIO PLUG-IN OCTAL 
(1" Dia X 2" H) modules. Mic preamps, disc 
& tape preamp-equalizers, tape bias osc. & 
record ampl., power amps ft power sup- 
plies. Send For free catalog and audio ap- 
plications. Opamp Labs., 17S So. Alta 
Visia Blvd., Los Angeles, California 90036. 



AUDIO AND VIDEO JACK PANELS and 
patch cords. 500-500 ohm repeat coils. 
New and used. Send For list. GulF Electro 
Sales, 6385 Beverly Hill, Houston, Texas 
77087 



AMPEX 354: $1000.00. Also ten new 
Langevin EQ251A program equalizers, 
never used: $1 70,00 each. Write Box 1 8-A, 
db Magazine, 980 Old Country Road, 
Plainvicw N. Y. 11803. 



EQUAUZERS AND LIMITER FOR RE- 
CORDING. New. Write Kuhn, 1397 
Washington Circle, Forestvillc, Ohio 45830. 



AMPEX MR-70 3 CHANNEL (V^inch 
tape). Purchased new 8/13/68. Has never 
been used. Transport and electronics modi- 
fied from original 15-30 ips to 33/4'7V^ips, 
(Modification performed by Expert Elec- 
tronics, Chicago.) To be sold "as is," 
F,0,B, Morton Grove, Illinois. Write: 
D. J. Gulliford, Radiant Educational Cor- 
poration, 8880 North Austin Avenue, 
Morton Grove, Illinois 60053. Phone: 
(319) 966-4800. 



TWO SCULLY 12-TRACK machines, each 
with 12-, 8-, and 4-track heads as well as 
two 12-track sync masters. Box 18-B, 
db Magazine, 980 Old Country Road, 
Plainview, N. Y. 11803. 



AMPEX MR-70 MASTER recorder 3- 
channel, inch tape, 7V^-15 in./sec. For 
rack mounting. New — factory sealed. 
$4500,00. FOB Washington D.C. U.S. 
Recording Company, 1347 So. Capitol 
St. S.W. Washington, D.C. 80003. 



LANSING A7 500W SPECIAL 3 systems, 
matched T1 dS acoustically. Matched 
grain walnut Formica, $1250.00 for all 
three. Dicize, 35 W. Sellers Avenue, 
Ridley Park, Pa. 19075. 



EMPLOYMENT 



PROFESSIONAL RECORDING PERSON- 
NEL SPECIALISTS. A selective service for 
employers and job seekers: engineers, tape 
editors, production and studio mgrs, traffic 
assts, etc. Call us today! Smith's Personnel 
Service, 1457 Broadway, N.Y.C. 10036. 
Alaync Spcrtell 818 Wl 7-3806. 



JOIN A TEAM, We're seeking the best 
minds in the professional audio industry. 
Openings exist in engineering manage- 
ment, r ft d, and project engineering. 
Extensive experience and/or BSEE required. 
These are rewarding positions, with cre- 
ative challenge, and responsibility. Please 
send resume with salary requirements to 
Box ia-C, db Magazine, 980 Old Country 
Road, Plainview, N. Y. 11803. 



EXPERIENCED AUDIO MIXER wanted 
with strong music and electronics back- 
ground. Senior position with major midwest 
studio. Top salary and profit sharing. Neat, 
personable, reliable, hard working. Able 
to handle rock, symphony, ad agencies. 
Write in confidence to Box 19-D db 
Magazine, 980 Old Country Road, Plain- 
view, N. Y. 11803. 



EDUCATION 

FCC LICENSE TRAINING by correspon- 
dence. G.I. Bill approved. Free brochure. 
Write: Dept. E-4, Pathfinder School of 
Electronics, 1505 N. Western Avenuc/ 
Hollywood, California 90087. 




SERVICES 



WHATEVER YOUR EQUIPMENT NEEDS 
— new or used — check us first Trade your 
used equipment for new. Write for our 
complete listings. Broadcast Equipment A 
Supply Co., Box 31 41, Bristol, Ttnn. 37680. 



CUSTOM STYLUS — cartridge re-tipping, 
re-building, replacements. International 
Audio Stylus Corp., 111-D Lake Ave., 
Tuckahoc, New York, 10707 (Tclephont: 
(914) SP9.1897. 
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• Dan Collins has been appointed to 
tlie newly-created post of director of 
marketing and corporate development 
for Pickering and Company. Ac- 
cording to the announcement by Pick- 
ering president Walter Stanton, "Col- 
lins will be responsible for all domestic 
corporate sales including Pickering, 
Stanton and oeni in addition to the 
areas of advertising, promotion, and 
publicity for the company." 

• Dubbings Electronics has started 
a custom service division to pro\ide 
non-audio industry users with small- 
run cassette duplication services. In the 
announcement by Paul C. Smith, 
president of Dubbings, it was noted 
that this service has been begun in 
response to the needs of hundreds of 
firms and institutions that need small- 
run duplication on short notice and in a 
short time. Dubbings, a wholly-owned 
subsidiary of the North American 
Philips Corporation bills itself as tlie 
world's largest producer of mass dupli- 
cated tapes. 

• Acoustic Research, Inc. manufac- 
turer of loudspeaker systems and high- 
fidelity products has announced the 
establishment of a wholly-owned as- 
sembly and distribution center in 
Amersfoort, Holland. The plant, which 
is fully operative, will supply AU loud- 
speaker systems to the liuropean mar- 
kets. Individual drivers and crossorers 
will continue to come from the Cam- 
bridge, Massachusetts plant to ensure 
control over quality . An anechoic 
chamber similar to AR's U. S. one, is in 
use in Holland so that the cabinet and 
acoustic packing assemblies conform to 
their established standard. European 
readers niay write directly to Acoustic 
Research International, Radium- 
vveg 7, .\mersfoort, Holland for 
products, sjiecifications, and dealers. 



• George W. Finhousen has been 
appointed assistant to the vice presi 
dent, Electro-Voice professional pro<i- 
ucts, assuming responsibility for prod- 
uct development and management of 
professional microphone equipment. He 
works directly with Louis R. Bur- 
roughs who heads this important E-V 
division, He has a twenty-year history 
in the audio field, much of it in sophisti- 
cated sound-reinforcement system de- 
sign. 



• Two division managers of Ampex 
Corporation have t)een elected vice 
presidents of the corporation. 




• A St. 4 million plant complex is going 
up in Salt Lake City, Utah to house 
the new home of Teleniation, Inc. 
The television equipment manufactur- 
ing firm will now have a 6(),()(K) square 
foot manufacturing block, a two-story 
24,000 square foot administration build- 
ing, and a power plant. The TeleMa- 
tion facilities will occupy 20 acres of 
the new 118-acre Technology Park, 
jointly owned by TeleMation and 
KUTV, Inc., a Salt Lake City broad- 
casting corporation. Space has been 
allocated within the complex for a 3000 
S(|uare foot t.v. studio, and for class- 
room sjiace in t.v. production and 
e(|ulpnient maintenance. Part of the 
remaining acreage will be leased or 
sold to other companies. 

• Richard C. Oldham has joined the 
stall of Ranger Farrell and Associ- 
ates as an associate specializing in 
communications consulting. He will 
extend the firm's capabilities in aiding 
architects, educators, government, com- 
merce, and industry in the development 
of information systems. The company 
is based in Hastings-On-Hudson, New 
York and specializes in acoustics, light- 
ing, audio/visual, and theater consult- 
ing. 

«CC.\ Electronics Corp. has an- 
nounced the acquisition of the Rek-O- 
Kut division of Koss Electronics for 
an undisclosed amount of cash and 5000 
shares of CC A's common stock. The 
line will now be produced at CCA's 
west-coast subsidiary, QRK Electronic 
Products, located in Fresno, Call 
fornia. Production is to be started 
immediatelv. 




• Ronald .\, Polster becomes vice- 
president and general manager of the 
special products division, whicli engi- 
neers and installs complete video and 
audio systems for use in broadcast, 
education, government, and industry 
applications. 




• .\. .\. Sroka becomes vice-president, 
general manager of the professional 
audio products <livision, which manu- 
factures professional audio recorders 
and accessories. 

Both divisions are in Redwood City. 
Hoth men have been with the company 
for some years. Polster has held 
various marketing positions since 1959 
and Sroka has held various sales man- 
agerial positions in Amjiex since 1956. 

e Bob I lope has accei)ted the honorary 
national chairmanship of a special 
advisory committee for the 1970 ob- 
servance of broadcasting's 50th anni- 
versar> , according to an announcement 
by the N.\B. The year-long observance 
will commemorate broadcasting's half 
century of service to the American 
])ublic and focus on how the industry 
will meet the demands of the future. 
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The Sound 
Of Koss 
Electrostatic 
Stereophones 
Is Better 
Than Speakers 

The famous Koss ESP-6 now has a partner . . 
the Model ESP-7 Electrostatic Stereophones. 
The ESP-7 is lighter in weight, lighter in price. 
The ESP-6 is completely self-contained and offers 
octaves more than conventional headphones. 
But both deliver the startlingly crisp, smooth 
and pleasant sound available only in 
Koss Stereophones. 





MODEL ESP-7 Reproduces S'/z out of a possible 10 
octaves (3 octaves more than conventional headsets). Sell- 
energized by small separate energizer mounted In cord 
and containing transformers, speaker on-off switch, 
'proper level" indicator, and provision for connecting a 
second headset (Model ESP-A accessory Stereophones, 
$59.00). Frequency response 35-13,000 Hz 3:6 db. Comes 
complete with energizer unit and individual machine-run 
response curve. $79.00 

MODEL ESP-6 Reproduces 9 of the 10 audible oc- 
taves Completely self-energized and self-contained. Fur- 
nished with connector box and speaker on-off switch and 
foam lined, sturdy carrying case. Frequency response: 
27-19.000 Hz ±5 db. Comes with Individual, machine-run 
response curve as positive proof of performance. $95.00 

Write lor "Adventures in Headphone Design" lo learn the story ol 
this startling breaklhrough In music listening. Or better yet, see your 
hi tl dealer today lor a demonstration. 



KOSS ELECTRONICS INC. 

2227 North 31 SI Street 
Milwaukee, Wisconsin 53208 



i 
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DMC's Model 6100 Test Set is a complete instrument 
for magnetic tape recorder system alignment and 
testing. It combines a wide band — 10Hz to lOmHz— 
oscillator, a multi-range AC voltmeter, and a self- 
tracking harmonic analyzer— all in one neat little 
package. It conveniently measures any system or 
network gain and signal-to-noise ratio. It reads sec- 
ond and third harmonic distortion — directly in per- 
cent, because of internal leveling and normalizing 
circuitry. 

The Model 6100 generates an input to a system 
under test, and analyzes the response — faster and 
more easily than the three separate instruments pre- 
viously required — and does it with less space and 
more economy than a separate oscillator, volt meter, 
and wave analyzer. 



The DMC Model 6100 is fast and easy to use- 
only five controls— no complicated cabling. It is ideal 
for tape recorder adjustment and testing, as well as 
general system testing, since any of the integrated 
instruments can also be used separately. 

We think our little package can make anyone who 
aligns and tests tape recorder systems a lot happier. 
If that's your job, give yourself a treat. 

For more details and a complete daia sheet, contact: 



DATA MEASUREMENTS CORPORATION (FORMERLY UlCOM. INC.) 
855 COMMERCIAL STREET, PALO ALTO, CALIFORNIA 94303 
TELEPHONE (415) 328-2961. TWX 910 373 1179 



Make someone happy 
with this neat little package 
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